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1. Sommario Esecutivo  

Questo documento presenta le soluzioni tecnologiche per lõefficienza energetica, lõottimizzazione 

delle operazioni di processo e lõutilizzo di energia, lõimpiego  di fonti di  energia rin novabili, tecnologie 

innovative e trasversali nonché raccomandazioni e buone pratiche applicabili al settore della 

lavorazione dei metalli (settore MMA) .  

Il database descritto è stato sviluppato allõinterno del WP2 "Sviluppo delle metodologie e dei materiali 

per EE-METAL" e il suo obiettivo è quello di  supportare gli auditor nel processo di diagnosi 

energetica allõinterno delle aziende del settore MMA . 

Il database delle BAT è composto da due strumenti separati: il database in formato Word e quello in 

formato Excel. Ciascuno di essi è suddiviso in tre aree principali di interesse: 1) calore, 2) energia 

elettrica, 3) produzione combinata di calore ed energia elettrica. 

 

2. Introduzione  

L'obiettivo di questo documen to è di presentare il database delle migliori tecniche disponibili 

(BAT) applicabili al settore della lavorazione dei metalli (MMA).  

Il database è costituito da tecniche a livello progettuale e di installazione per sistemi, processi e attività 

che utilizzano energia oltre alle migliori tecnologie disponibili , incluse quelle innovat ive trasversali. 

Le migliori tecniche disponibili rappresentano l'ultima e più recente fase di sviluppo dei processi, 

degli impianti o dei metodi di lavoro che rispecchiano la fattibilità pratica di un  determinato 

intervento con lõobiettivo di limitare scarichi, emissioni e rifiuti . 

Le tecniche comprendono sia le tecnologie in quanto tali , sia il relativo aspetto progettuale in termini 

di in stallazione, realizzazione, manutenzione, funzionamento operativo e smantellamento. Inoltre 

riguardano anche aspetti organizzativi quali la programmazione , il monitoraggio e il controllo degli 

obiettivi di  produzione o le modifiche comportament ali. 

 

3. Metodologia  

Il database è predisposto per proporre soluzioni tecnologiche efficienti in termini energetici, 

ottimizzazione delle operazioni di processo e utilizzo dellõenergia, lõimpiego di energie rin novabili, 

tecnologie innovative trasversali. 

Il processo di sviluppo consiste nell'analisi di:  

1. Documenti di  riferimento per le migliori tecniche disponibili ( i cosiddetti BREF) adottati ai 

sensi della direttiva relativa alla prevenzione e al controllo integrati dell'inquinamento 

(direttiva IPPC, 2008/1/CE) e della direttiva sulle emissioni industriali (IED, 2010/75/UE) ; 

2. Risultati di altri progetti (ad esempio ECOSMES, EINSTEIN, PolSEFF ecc.); 

3. Relazioni CSR; 

4. Informazioni proveni enti da istituti finanziari e/ o ESCO; 

5. Informazioni da fornitori di apparecchiature e sistemi; 

6. Altre fonti disponibili.  
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Le BAT per l'efficienza energetica sono state raccolte e selezionate da fonti identificate e presentate in 

precedenza, tenendo conto, come criterio principale, dei maggiori benefici potenziali per il settore 

MMA.  

L'elenco dei BREF analizzati che contengono le migliori tecnologie disponibili per l'efficienza 

energetica nel settore MMA è riportato di seguito:  

1. Documento di riferimento per le BAT per la produzione di ferro e acciaio (2013) - Questo 

BREF riguarda i processi coinvolti nella produzione di ferro e acciaio tramite ciclo integrale e 

forno ad arco elettrico (EAF) 

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/I&S/IS_Published_0312.pdf );  

2. Documento di riferimento per le BAT dell'industria di trasformazione dei metalli ferrosi 

(2001) - Questo BREF comprende le attività per la lavorazione di prodotti semilavora ti (come 

lingotti, bramme, blumi e billette) ottenuti da colata in lingottiera o colata continua, come la 

laminazione a caldo, la laminazione a freddo, la trafilatura, il rivestimento a caldo del metallo 

e i relativi pre e post trattament i dei prodotti lavorati  in acciaio 

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/fmp_bref_1201.pdf ); 

3. Documento di riferimento per le BAT relative al trattamento superficiale di metalli e materie 

plastiche (2006) - Questo BREF comprende impianti per il trattamento superficiale dei metalli 

e delle materie plastiche tramite processo elettrolitico o chimico 

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/stm_bref_0806.pdf );   

4. Documento di riferimento per le BAT delle industrie dei metalli non ferrosi (2014) - Questo 

BREF riguarda le tecniche per la produzione sia primaria che secondaria di metalli  non ferrosi  

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/NFM/JRC107041_NFM_bref2017.pdf ); 

5. Documento di riferimento sulle BAT per forgiature e fonderie (2005) - Questo Bref include 

impianti  per: 

¶ forgiature per la lavorazione dei metalli ferrosi ; 

¶ fonderie di metalli ferros i; 

¶ impianti per  la fusione (compresa la lega) di metalli non ferrosi, inclusi  prodotti di 

recupero (affinazione, colata in fonderia , ecc.) 

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/sf_bref_0505.pdf ); 

6. Documento di riferimento sull'applicazione delle BAT ai sistemi di raffreddamento industrial i 

(2001) - questo BREF si occupa dei seguenti sistemi o configurazioni dõimpianto per il 

raffreddamento industrial e:   

¶ sistemi a passaggio singolo (con o senza torri di raffreddamento);  

¶ sistemi a ciclo aperto (torri di raffreddamento a umido) ;  

¶ sistemi a circuito chiuso raffreddati ad aria;  

¶ sistemi a circuito chiuso raffreddati a liquido;  

¶ sistemi con raffreddamento ibrido  umido /secco 

¶ torri di raffreddamento a ciclo aperto con raffreddamento ibrido  

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/cvs_bref_1201.pdf ); 

7. Documento di riferimento  sulle BAT per i grandi impianti  di combustione (2016) - Questo 

BREF riguarda impiant i d i combustione con potenza termica nominale superiore a 50 MW. Gli 

impianti con potenza termica  inferior e sono comunque esaminati se tecnicamente rilevanti. 

Infatti  un grosso impianto superiore a 50 MW può essere potenzialmente formato da più unità 

di piccola taglia, ciascuna inferiore al valore soglia 

(fonte: http://eippcb.jrc.ec.europa.eu/reference/BREF/LCP_FinalDraft_06_2016.pdf ); 

http://eippcb.jrc.ec.europa.eu/reference/BREF/I&S/IS_Published_0312.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/fmp_bref_1201.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/stm_bref_0806.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/NFM/JRC107041_NFM_bref2017.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/sf_bref_0505.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/cvs_bref_1201.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/LCP_FinalDraft_06_2016.pdf
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8. Documento di riferimento sulle BAT per l'efficienza energetica (2009) - Questo documento 

affronta il  tema del miglioramento dell'efficienza energetica negli impianti industriali , 

fornendo indicazioni generiche su come approcciare, valutare, attuare e affrontare tali 

questioni e problematiche anche dal punto di vista autorizzativo e  delle procedure di 

supervisione 

(source: http://eippcb.jrc.ec.europa.eu/reference/BREF/ENE_Adopted_02 -2009.pdf). 

 

Il database delle BAT è composto da 6 livelli e  viene sviluppato in modo analogo alla descrizione 

fornita dai documenti BREF: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 1. Livelli del Database BAT 
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Il database BAT è suddiviso in tre aree principali di interesse: 1) calore, 2) energia elettrica, 3) 

produzione combinata di calore e elettricità. 

Ogni area principale ha le proprie sottoaree di interesse. Nelle categorie calore e produzione 

combinata calore/elettricità sono presenti: processi, aspetti organizzativi e recupero . L'area energia 

elettrica comprende invece, oltre ai tre menzionati in pre cedenza, l'illuminazione . 

 

 

 

 

 

 

 

 

 
 

Figura 2. Struttura delle principali aree e sub-aree nel database BAT 
 

 

A livello 3, livello 4 e livello 5, ogni utente del database BAT può trovare la descrizione di soluzioni, 
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1.1 Organizational aspects 

1.1.1 Energy management 

Optimisation of energy flows and optimised utilisation of the extracted process gases  
 

BAT is to reduce primary energy consumption by optimisation of energy flows and optimised 

utilisation of the extracted process gases such as coke oven gas, blast furnace gas and basic oxygen 

gas. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Process integrated techniques to improve energy efficiency in an integrated steelworks by optimising 

process gas utilisation include: 

¶ the use of gas holders for all by-product gases or other adequate systems for shortterm storage 

and pressure holding facilities,  

¶ increasing pressure in the gas grid if there are energy losses in the flares ð in order to utilise 

more process gases with the resulting increase in the utilisation rate, 

¶ gas enrichment with process gases and different calorific values for different consumers, 

¶ heating fire furna ces with process gas, 

¶ use of a computer-controlled calorific value control system,  

¶ recording and using coke and flue -gas temperatures, 

¶ adequate dimensioning of the capacity of the energy recovery installations for the process 

gases, in particular with regard to the variability of process gases. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

By the application of the aforementioned techniques, the specific energy demand for steel 

production in an integrated steelworks can be reduced.  

The energy efficiency can be improved through good combustion control and can eventually 

decrease air emissions. 

 

A p p l i c a b i l i t y  

The specific energy consumption depends on the scope of the process, the product quality and 

the type of installation (e.g. the amount of vacuum treatment at the BOF, annealing temperature, 

thickness of products, etc.). 
 

Reduce thermal energy consumption  
 

BAT is to reduce thermal energy consumption byimproved and optimised systems to achieve 

smooth and stable processing, operating close to the process parameter set points by using  

¶ process control optimisation including computer -based automatic control systems, 

¶ modern, gravimetric solid fuel feed systems,  

¶ preheating, to the greatest extent possible, considering the existing process configuration. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The following items are important for integrated steelworks in order to improve the overall 

energy efficiency: 
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¶ optimising energy consumption,  

¶ online monitoring for the most important energy flows and combustion processes at the site 

including t he monitoring of all gas flares in order to prevent energy losses, enabling instant 

maintenance and achieving an undisrupted production process,  

¶ reporting and analysing tools to check the average energy consumption of each process, 

¶ defining specific energy  consumption levels for relevant processes and comparing them on 

a long-term basis, 

¶ carrying out energy audits as defined in the Energy Efficiency BREF, e.g. to identify cost-

effective energy savings opportunities.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

The aim of energy management should be to maximise the productive use of gases arising from 

the processes, thereby minimising the necessity of importing supplementary energy sources into the 

system and optimising the specific energy consumption within the inherent  constraints of the system. 

In order to achieve the goal, there must be an adequate system dealing with the technical possibilities 

and costs on the one hand, and on the organisation on the other hand. 
 

Reduce thermal energy consumption  
 

BAT is to reduce thermal energy consumption by using a combination of the following 

techniques:  

¶ recovering excess heat from processes, especially from their cooling zones, 

¶ an optimised steam and heat management, 

¶ applying process integrated reuse of sensible heat as much as possible. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Process integrated techniques used to improve energy efficiency in steel manufacturing by 

improved heat recovery include:  

¶ combined heat and power production with recovery of waste heat by heat  exchangers and 

distribution either to other parts of the steelworks or to a districtheating network,  

¶ the installation of steam boilers or adequate systems in large reheating furnaces (furnaces can 

cover a part of the steam demand), 

¶ preheating of the combustion air in furnaces and other burning systems to save fuel, taking 

into consideration adverse effects, i.e. an increase of nitrogen oxides in the off-gas, 

¶ the insulation of steam pipes and hot water pipes,  

¶ recovery of heat from products, e.g. sinter, 

¶ where steel needs to be cooled, the use of both heat pumps and solar panels, 

¶ the use of flue-gas boilers in furnaces with high temperatures,  

¶ the oxygen evaporation and compressor cooling to exchange energy across standard heat 

exchangers, 

¶ the use of top recovery turbines to convert the kinetic energy of the gas produced in the blast 

furnace into electric power.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

District heating is a safe, economically feasible heating method which requires little maintenance 

for the customer. 
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By application of the aforementioned techniques, the specific energy demand for steel production 

in an integrated steelworks can be reduced. CO2 emissions and emissions of other pollutants may be 

avoided by replacing fossil fuel with district heating energ y production.  

A significant advantage of the district heating system is the cleanliness and high temperature 

difference of the circulating water. In this way, it is possible to connect the production of the heat and 

the specific process cooling solutions. 

 

O p e r a t i o n a l  d a t a 

In the municipal district heating system, thermal energy is delivered with the help of the closed 

piping for the heating of the buildings and of other premises and for the production of warm service 

water. The consumer always receives the heat with the help of heat exchangers. Each of the buildings 

has similar connections, for example, for the electrical net, for the gas net, for the clean water and the 

waste water nets. 

 

A p p l i c a b i l i t y  

The method is used primarily in all steelworks that us e a similar cooling technique.Combined 

heat and power generation is applicable for all iron and steel plants close to  areas with a suitable heat 

demand. The same appears for many other process industries. The specific energy consumption 

depends on the scope of the process, the product quality and the type of installation (e.g. the amount 

of vacuum treatment at the BOF, annealing temperature, thickness of products, etc.). Each integrated 

steelworks and component therein has a different spectrum of products,  process configurations, raw 

material strategies, etc. and therefore has its own specific energy demands. Climatic circumstances 

also should be taken into account when considering specific energy usage. 

 

E c o n o m i c s 

Selling waste heat can be a remunerative business.The construction of the district heating system 

is quite advantageous when utilising the technology that has been generally applied. For this reason, 

the system has been an extremely profitable technique to Raahe Steel Works, Raahe, Finland, and 

moreover, there are extremely advantageous district heating tariffs in the town of Raahe for the end 

user. New industry which uses district heating has been developed in the area. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

The driving forces for the implementation of  heat recovery are the savings in primary fuels, thus 

a reduction of CO2 emissions and other environmental impacts. The driving forces for the 

implementation of combined heat and power production are the environmental benefits, the 

improved BF operation and the avoidance of high investment costs. 

 

E x a m p l e  p l a n t s 
At the reference plant Marienhütte in Graz, Austria, about 40 GWh per year are recovered from 

the EAF (35 tonnes/charge) and fed to the district heating network (status in 2005). District heating is  

also practiced in Ovako Hofors, SSAB in Luleå, Sweden and at the Ruukki sinter plant in Finland.  
 

Using surplus waste heat  
 

BAT is to use desulphurised and dedusted surplus coke oven gas and dedusted blast furnace gas 

and basic oxygen gas (mixed or separate) in boilers or in combined heat and power plants to generate 
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steam, electricity and/or heat using surplus waste heat for i nternal or external heating networks, if 

there is a demand from a third party.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

The cooperation and agreement of a third party may not be within the control of the operator, 

and therefore may not be within the scope of the permit.  
 

1.1.2 Combustion 

1.1.2.1 Induction furnace 

Waste heat utilisation  
 

BAT is to check possibility to use the heat in the furnace cooling system for space-heating, the 

heating of shower water and for drying  raw materials.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A significant proportion of the electrical energy which is supplied to an induction -melting 

furnace is converted into waste heat. About 20 to 30% of the total energy input to the plant 

is dissipated through the cooling system. The furnace cooling circuit not only deals with the electrical 

losses in the induction coil, but also protects the coil from heat conducted through the furnace lining 

from the hot metal in the crucible. The heat in the furnace cooling system is used in some installations 

for space-heating, the heating of shower water and for drying raw materials.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Increased energy efficiency. 

 

C r o s s- m e d i a  e f f e c t s 

No cross-media effects have been reported. 

 

O p e r a t i o n a l  d a t a 

A heat recovery system using the cooling oil of induction furnaces was installed in a Belgian 

foundry. The foundry operates two induction holding furnaces in duplex with a cupola furnace. 

The inductors of the electrical furnaces are cooled using thermal oil. The thermal oil gets heated up to 

200 ð 3000C and looses its heat over an outside oil-air heat-exchanger. Before installation of the heat 

recovery system, 1 MW of heat was dissipated into the air. An alternative system was installed to use 

the waste heat for space heating. The heated air is introduced into the core shop. This allows the 

recuperation of 1/3 of the dissipated heat and replaces the original gas-fired heating system. 

The implementation was possible at low cost because the oil-air heat-exchanger is installed next to the 

core shop. Space heating in other parts of the foundry may be considered later, but will require more 

piping (and will subsequent thus involve further losses).  

 

A p p l i c a b i l i t y  

Before heat recovery can be applied, a number of criteria must be met: 
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¶ a worthwhile application for the waste heat must be reasonably nearby and the times at which 

this recovered heat can be utilised must match the times at which the furnace is operating. 

However, typically the heat available is fairly l ow grade. The temperature for the cooling 

water must not exceed 70 ºC, 

¶ the relatively low temperatures involved mean that heat -exchangers need to be much larger 

than those which are normally encountered,  

¶ the furnace water must not be returned to the furnac es at a temperature lower than about 30 

ºC, otherwise this may give rise to condensation problems, 

¶ maintaining the integrity of the cooling circuits is absolutely essential. The cooling circuit is 

provided to protect the coil - if it fails in its task the results can be disastrous. 

The above aspects, particularly the question of furnace integrity, discourage most furnace 

operators from even contemplating the utilisation of heat from the cooling circuit.  

 

E c o n o m i c s 

A foundry attempting to make use of the hea t from the cooling circuit needs to fully evaluate the 

benefits and then compare them with the cost of the additional equipment and the safety of the 

furnace and operators. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Increasing energy efficiency at the foundry.  

 

E x a m p l e  p l a n t s 
Space heating using hot air: 

¶ Proferro, Oudenaarde, 

¶ Metso Paper Jyväskylä Foundry. 
 

Waste heat utilisation  
 

Space heating and hot water supply: A similar system to the one discussed above may be used to 

blow hot air into the foundry hall for space heating. Alternatively, a water -water heat-exchange is 

used to heat a water circuit for radiators or for hot water supply.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A significant proportion of the electrical energy which is supplied to an induction -melting 

furnace is converted into waste heat. About 20 to 30% of the total energy input to the plant is 

dissipated through the cooling system. The furnace cooling circuit not only deals with the electrical 

losses in the induction coil, but also protects the coil from heat conducted through the furnace lining 

from the hot metal in the crucible. The heat in the furnace cooling system is used in some installations 

for space-heating, the heating of shower water and for drying raw materials.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Increased energy efficiency. 

 

C r o s s- m e d i a  e f f e c t s 

No cross-media effects have been reported. 

 

O p e r a t i o n a l  d a t a 
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A heat recovery system using the cooling oil of induction furnaces was installed in a Belgian 

foundry. The foundry operates two induction holding  furnaces in duplex with a cupola furnace.  

 

A p p l i c a b i l i t y  

Before heat recovery can be applied, a number of criteria must be met: 

¶ a worthwhile application for the waste heat must be reasonably nearby and the times  which 

this recovered heat can be utilised must match the times at which the furnace is operating. 

However, typically the heat available is fairly low grade. The temperature for the cooling 

water must not exceed 70 ºC, 

¶ the relatively low temperatures involved mean that heat -exchangers need to be much larger 

than those which are normally encountered , 

¶ the furnace water must not be returned to the furnaces at a temperature lower than about 30 

ºC, otherwise this may give rise to condensation problems, 

¶ maintaining the integrity of the cooling circuits is  absolutely essential. The cooling circuit is 

provided to protect the coil - if it fails in its task the results can be disastrous. 

The above aspects, particularly the question of furnace integrity, discourage most furnace 

operators from even contemplating  the utilisation of heat from the cooling circuit.  

 

E c o n o m i c s 

A foundry attempting to make use of the heat from the cooling circuit needs to fully evaluate the 

benefits and then compare them with the cost of the additional equipment and the safety of the 

furnace and operators. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Increasing energy efficiency at the foundry.  

 

E x a m p l e  p l a n t s 
Space heating using hot air:  

¶ Proferro, Oudenaarde, 

¶ Metso Paper Jyväskylä Foundry. 
 

1.1.2.2 Cupola furnace 

Waste heat utilisation  
 

The need to cool cupola off -gases before they enter the bag filter leads to the possibility of attaching to 

a secondary user and applying waste heat utilisation. The secondary user may be e.g.: 

¶ a steam boiler, 

¶ a thermal oil circuit , 

¶ a heating circuit , 

¶ a hot water circuit.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Recovery of waste heat, which otherwise would be lost to the outside, allowing a reduction in 

fuel (or other sources of energy) consumption. 

 

C r o s s- m e d i a  e f f e c t s 
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No cross-media effects apply. 

 

A p p l i c a b i l i t y  

This technique applies to new installations and should be taken into account when designing the 

process. For existing plants, the technique can be applied during major refurbishment of the plant, 

however, small add -on units can generally be accomodated in existing plants.  

 

 

E c o n o m i c s 

The stated examples were installed as part of a major rebuilding of the considered installation. 

It  is therefore not possible to extract specific cost data. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Increasing energy efficiency of industrial processes. 

 

E x a m p l e  p l a n t s 
The two example plants located in Germany. 

 

1.1.2.3 Ladles 

Reduce energy loss/improve preheating practice of ladles  
 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Energy is wasted if the molten metal transfer system allows an excessive loss of metal temperature 

between furnace tapping and mould pouring. Losses can be prevented by using good practice 

measures. These imply the following:  

¶ the utilisation of clean ladles, preheated to bright red heat , 

¶ the utilisation of distribution and pouring ladles, which are as large as is practicable and are 

fitted with heat -retaining covers, 

¶ keeping the covers on ladles which are standing empty or putting ladles upside down when 

not in use, 

¶ minimising the need to transfer metal from one ladle to another, 

¶ always conveying the metal as quickly as possible, while still complying with safety 

requirements. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

To reduce energy losses. 

 

C r o s s- m e d i a  e f f e c t s 

No cross-media effects occur. 

 

A p p l i c a b i l i t y  

Since this technique involves measures related to good practice, it is applicable to all new and 

existing foundries.  

 

E c o n o m i c s 

No economic data can be given. 
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy efficient foundry management.  

 

E x a m p l e  p l a n t s 
These measures are used to a varying extent in European foundries.  

 

1.2 Processes 

1.2.1 Combustion 

1.2.1.1 Basic Oxygen Steelmaking and Casting 

Collection, cleaning and buffering BOF gas for subsequent use as a fuel  
 
 

A p p l i c a b i l i t y  

In some cases, it may not be economically feasible or, with regard to appropriate energy 

management, not feasible to recover the BOF gas by suppressed combustion. In these cases, the BOF 

gas may be combusted with the generation of steam. The kind of combustion (full or suppressed 

combustion) depends on local energy management. 

 

Reduction of energy consumption by using ladle -lid systems  
 

 

A p p l i c a b i l i t y  

The lids can be very heavy as they are made out of refractory bricks and therefore the capacity of 

the cranes and the design of the whole building may constrain the applicability in existing plants. 

There are different technical designs for implementing the system into the particular conditions of 

a steel plant. 

 

Optimisation of the process andreduction of energy consumption  

by using a direct tapping pr ocess after blowing  
 
 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Direct tapping normally requires expensive facilities like sub -lance or DROP IN sensorsystems to 

tap without waiting for a chemical analysis of the samples taken (direct tapping). Alternatively, a new 

technique has been developed to achieve direct tapping without such facilities. This technique 

requires a lot of experience and developmental work. In practice, the carbon is directly blown down to 

0.04 % and simultaneously the bath temperature decreases to a reasonably low target. Before tapping, 

both the temperature and oxygen activity are measured for further actions.  

 

A p p l i c a b i l i t y  

A suitable hot metal analyser and slag stopping facilities are required and the availability of 

a ladle furnace facilitates implementation of the technique.  
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Reduction of energy consumption by using continuous near net shape strip casting  
 

BAT is to reduce energy consumption by using continuous near net shape strip casting, if the 

quality and the product mix of the produced st eel grades justify it. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Near net shape strip casting means the continuous casting of steel to strips with thicknesses of 

less than 15 mm. The casting process is combined with the direct hot rolling, cooling and coiling of the 

strips without an intermediate reheating furnace used for conventional casting techniques, e.g. 

continuous casting of slabs or thin slabs. Therefore, strip casting represents a technique for producing 

flat steel strips of different widths and thicknesses of less than 2 mm. 

 

A p p l i c a b i l i t y  

The applicability depends on the produced steel grades (e.g. heavy plates cannot be produced 

with this process) and on the product portfolio (product mix) of the individual steel plant. In existing 

plants, the applicability m ay be constrained by the layout and the available space as e.g. retrofitting 

with a strip caster requires approximately 100 m in length.  

 

1.2.1.2 Blast Furnaces 

Recovering the energy of top blast furnace gas pressure  

BAT is to recover the energy of top blast furnace gas pressure where sufficient top gas pressure 

and low alkali concentrations are present. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

Top gas pressure recovery can be applied at new plants and in some circumstances at existing 

plants, albeit with more difficulties and additional costs. Fundamental to the application of this 

technique is an adequate top gas pressure in excess of 1.5 bar gauge. 

At new plants, the top gas turbine and the blast furnace (BF) gas cleaning facility can be adapted 

to each other in order to achieve a high efficiency of both scrubbing and energy recovery. 

 

Recovering the energy of top blast furnace gas pressure  

BAT is to preheat the hot blast stove fuel gases or combustion air using the waste gas of the hot 
blast stove and to optimise the hot blast stove combustion process. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

For optimisation of the energy efficiency of the hot stove, one or a combination of the following 

techniques can be applied: 

¶ the use of a computer -aided hot stove operation, 

¶ preheating of the fuel or combustion air in conjunction with insulation of the cold blast line 

and waste gas flue, 

¶ use of more suitable burners to improve combustion,  

¶ rapid oxygen measurement and subsequent adaptation of combustion conditions.  
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A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

The applicability of fuel preheating depends on the efficiency of the stoves as this determines the 

waste gas temperature (e.g. at waste gas temperatures below 250 °C, heat recovery may not be 

a technically or economically viable option).  

The implementation of computer -aided control could require the construction of a fourth stove 

in the case of blast furnaces with three stoves (if possible) in order to maximise benefits. 

1.2.1.3 Coke Oven Plants 

Preheating the hot blast stove fuel gases or combustion air  

BAT is to preheat the hot blast stove fuel gases or combustion air using the waste gas of the hot 

blast stove and to optimise the hot blast stove combustion process. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

For optimisation of the energy efficiency of the hot stove, one or a combination of the following 

techniques can be applied: 

¶ the use of a computer-aided hot stove operation, 

¶ preheating of the fuel or combustion air in conjunction with insulation of the cold blast line 

and waste gas flue, 

¶ use of more suitable burners to improve combustion,  

¶ rapid oxygen measurement and subsequent adaptation of combustion conditions.  

 

A p p l i c a b i l i t y  

The applicability of fu el preheating depends on the efficiency of the stoves as this determines the 

waste gas temperature (e.g. at waste gas temperatures below 250 °C, heat recovery may not be a 

technically or economically viable option).  

The implementation of computer -aided control could require the construction of a fourth stove in 

the case of blast furnaces with three stoves (if possible) in order to maximise benefits. 

 

1.2.1.4 Electric Arc Furnace Steelmaking 

Reduction of energy consumption by using continuous near net shape strip casting  

BAT is to reduce energy consumption by using continuous near net shape strip casting, if the 

quality and the product mix of the produced steel grades justify it.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Near net shape strip casting means the continuous casting of steel to strips with thicknesses of 

less than 15 mm. The casting process is combined with the direct hot rolling, cooling and coiling of the 

strips without an intermediate reheating furnace used for conventional casting techniques, e.g. 

continuous casting of slabs or thin slabs. Therefore, strip casting represents a technique for producing 

flat steel strips of different widths and thicknesses of less than 2 mm. 
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A p p l i c a b i l i t y  

The applicability depends on the produced steel grades (e.g. heavy plates cannot be produced 

with this process) and on the product portfolio (product mix) of the individual steel plant. In existing 

plants, the applicability may be constrained by the layout and the available space as e.g. retrofitting 

with a strip caster requi res approximately 100 m in length.  

 

 

1.2.1.5 Pelletisation Plants 

Reduction/minimisation thermal energy consumption in pelletisation plants  

BAT is to reduce/minimise thermal energy consumption in pelletisation plants by using one or 

a combination of the following techniques:  

1. process integrated reuse of sensible heat as far as possible from the different sections of the 

induration strand,  

2. using surplus waste heat for internal or external heating networks if there is demand from 

a third party.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Hot air from the primary cooling section can be used as secondary combustion air in the firing 

section. In turn, the heat from the firing section can be used in the drying section of the induration 

strand. Heat from the secondary cooling section can also be used in the drying section. 

Excess heat from the cooling section can be used in the drying chambers of the drying and 

grinding unit. The hot air is transported through an insulated pipeline called a ôhot air recirculation 

ductõ. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

Recovery of sensible heat is a process integrated part of pelletisation plants. The ôhot air 

recirculation ductõ can be applied at existing plants with a comparable design and a sufficient supply 

of sensible heat. 

The cooperation and agreement of a third party may not be within the control of the operator, 

and therefore may not be within the scope of the permit.  

 

1.2.1.6 Sinter Plants 

Reduction of thermal energy consumption within sinter plants  

BAT is to reduce thermal energy consumption within sinter plants by using one or a combination 

of the following techniques:  

1. recovering sensible heat from the sinter cooler waste gas, 

2. recovering sensible heat, if feasible, from the sintering grate waste gas, 

3. maximising the recirculation of waste gases to use sensible heat. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Two kinds of potentially reusable waste energies are discharged from the sinter plants:  

¶ the sensible heat from the waste gases from the sintering machines, 

¶ the sensible heat of the cooling air from the sinter cooler. 

Partial waste gas recirculation is a special case of heat recovery from waste gases from sintering 

machines. The sensible heat is transferred directly back to the sinter bed by the hot recirculated gases. 

The sensible heat in the hot air from the sinter cooler can be recovered by one or more of the 

following ways:  

¶ steam generation in a waste heat boiler for use in the iron and steel works, 

¶ hot water generation for district heating,  

¶ preheating combustion air in the ignition hood of the sinter plant,  

¶ preheating the sinter raw mix,  

¶ use of the sinter cooler gases in a waste gas recirculation system. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

At some plants, the existing configuration may make costs of heat recovery from the sinter waste 

gases or sinter cooler waste gas very high. The recovery of heat from the waste gases by means of 

a heat exchanger would lead to unacceptable condensation and corrosion problems. 

 

1.2.2 Processes 

1.2.2.1 Alkali and alkaline Earth Metals 

Gas collection and abatement  

According to the techniques to consider that are presented for air abatement, BAT for this sector 

is considered as follows. 

¶ Bag filters are suitable for cleaning the suction air from raw material storage and handling 

devices. The associated level of residual particulate matter concentration for a bag filter is less 

than 5 mg/Nm3. It should be noted that a bag filter could achieve very low levels of dust, 

which is dependent on the used filter medium. If special cases (e.g. health and safety 

conditions) require very low dust emissions, this can be achieved by using the appropriate 

membrane filter bags. 

¶ An EP or fabric filter may clean the off -gas from a calciner, where the associated dust emission 

levels are in the range between 20 - 30 mg/Nm3 for an EP and 5 mg/Nm3 for a bag filter.  

¶ The cell room air (òstifeó) needs to be cleaned in order to minimise the environmental input of 

Chlorine and HCl. Multi stage ve nturi scrubbers with subsequently a packed tower using 

caustic soda is suitable to remove chlorine. The associated level of chlorine is less than 

1 mg/Nm 3. 

¶ The off-gas from the chlorination furnaces is cleaned in multi -stage scrubbers connected with 

a wet EP and an afterburner in order to reduce dioxin and chlorinated hydrocarbon emissions 

to air. The total efficiency of the combination for abatement techniques should be 99.9%. To 

achieve lower dioxin -concentrations in the off-gas, an additional injection of activated carbon 

may be considered. The effluent from the scrubber and the wet EP needs to be treated in order 

to minimise the dioxin and chlorinated hydrocarbon emissions to water.  
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B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Emission levels to air associated with the use of BAT: 

 

Pollutant: Dust  

Emissions associated with the use of BAT: < 5 mg/Nm 3 

Techniques that can be used to reach these levels: Fabric filter 

Comments: Fabric filters are normally used for dedusting off -gases 

 

Pollutant: Dust  

Emissions associated with the use of BAT: < 20 - 30 mg/Nm 3 

Techniques that can be used to reach these levels: EP 

Comments: Cleaning the off-gas from a dolomite calciner used in the production of magnesium metal  

 

Pollutant: Heavy metals  

Techniques that can be used: Fabric filter 

Comments: High performance fabric filters (e.g. membrane fabric filters) can achieve low levels of 

heavy metals. The concentration of heavy metals is linked to the concentration of dust and the 

proportion of the metals as part of the dust.  

 

Pollutant: Cl  

Emissions associated with the use of BAT: < 1 mg/Nm3  

Techniques that can be used to reach these levels: Multi stage venturi scrubbers with subsequently a 

packed tower using caustic soda 

Comments: For cleaning the cell-room air  

 

Pollutant: Dioxins and hydroc arbons from the chlorination in the Mg  

Emissions associated with the use of BAT: Total destruction efficiency > 99.9% 

Techniques that can be used to reach these levels: Multi-stage scrubbers connected with a wet EP and 

an afterburner 

Comments: Dioxin emissions are < 10 ȋg/t TEQ for the MgCl2 brine dehydration process instead of 

53 ȋg/t TEQ for the process which needs a chlorination step. The MgCl2 brine dehydration process is 

therefore regarded as BAT for new plants. 

 

Note. Collected emissions only. 

Associated emissions are given as daily averages based on continuous monitoring during the 

operating period. In cases where continuous monitoring is not practicable the value will be the 

average over the sampling period. 

For the abatement system used, the characteristics of the gas and dust will be taken into account 

in the design of the system and the correct operating temperature used. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Recovery of the heat energy. 

 

C r o s s- m e d i a  e f f e c t s 

Significant reduction of chlorinated -hydrocarbons and dioxins.  

 



 

 

άQuesto progetto ha ricevuto un finanziamento dal programma di ricerca e innovazione 
IƻǊƛȊƻƴ нлнл ŘŜƭƭΩ¦ƴƛƻƴŜ 9ǳǊƻǇŜŀ - Grant agreement N° 694638έ 

 
 
 

 

Questo progetto ha ricevuto un finanziamento dal programma di ricerca e innovazione Horizon 2020 dellõUnione Europea - Grant 
agreement N° 694638 

 

 
 

Page | 35 

O p e r a t i o n a l  d a t a 

Bag filter and wet scrubbers, also multi -stage scrubbers are normally used for the off-gas 

cleaning. The ventilation air from a cell -room where sodium metal is produced can be extracted by 

using a two-stage venturi-scrubber and a packed tower using caustic soda to remove chlorine. 

The off-gas from the chlorination furnace in a magnesium production is cleaned in a series of wet 

scrubbers and wet electrostatic precipitators before being finally subjected to incineration in an 

afterburner. The chlorine gas formed by the magnesium electrolysis is cleaned in a bag filter in order 

to remove entrained salts before recycled back to the chlorination stage. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Processes to produce Alkali and alkaline Earth Metals.  

 

 

E x a m p l e  p l a n t s 
Non Ferrous Metals Industries .  

 

B e s t  p r a c t i c e s 
TREATMENT OF OFF-GASES CONTAINING DIOXINS AND CHLORINATED HYDROCARBONS  

Description  

Off -gases from the chlorination furnaces in the magnesium plant contain Cl 2 and HCl, and also 

dioxins and chlorinated hydrocarbons (CHCõs). The off-gases are treated in a series of wet scrubbers 

to remove the Cl2 and HCl, and then wet electrostatic precipitators to remove aerosols from the gas, 

before finally being subjected to incineration. SO2 gas is added to the off-gases between scrubbing 

stages to convert Cl2 to HCl and thereby enhance the efficiency of the scrubbing. Water from the off -

gas treatment is transferred to a water treatment plant. 

The incineration plant: - The off-gases after scrubbing still contain unacceptable amounts of 

dioxins and CHCõs. They are therefore subjected to a final incineration treatment, where volatile 

organic compounds including d ioxins and CHCõs are destroyed. 

The incineration plant has 5 vertical chambers filled with ceramic stoneware for heat exchange, 

being switched by flow control valves to achieve effective heat recuperation. In -coming gas is led 

through chambers in "inlet" model and heated to reaction temperature before entering the horizont al 

combustion chamber on top of the chambers. In the combustion chamber the CO content of the gas 

(approx. 1-2%) is burned together with fuel gas supplied through three gas burners to keep the 

temperature in the combustion chamber above 800 oC. 

The treated gas is then led through chambers in "outlet" mode to recover its heat content for 

heating in-coming gas after switching of chambers. Treated gas is then vented to the stack. 

 

Destruction efficiencies achieved: 

Chlorinated hydrocarbons 99.9% (total efficiency) 

Dioxins 99.9% (total efficiency) 

CO 100% 

 

Outlet concentrations: 

Chlorinated hydrocarbons 0.01 mg/Nm 3 

Dioxins 0.8 ng/Nm 3 

 

Chlorinated hydrocarbons as sum of hexa- and penta-chlorobenzene and octachlorostyrene. 
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Dioxins as sum of PCDDs and PCDFs expressed as TCDD equivalents.  
 

Achieved environmental benefits  

Significant reduction of chlorinated -hydrocarbons and dioxins.Recovery of the heat energy that is 

generated in the combustion chamber of the incineration plant.  

 

Cross-media effects 

In the scrubbers the dioxins and chlorinated hydrocarbons are transferred from the air to the 

water side, therefore an additional water -treatment is needed. 

 

Operational data: Status of development 

Volumetric capacity: 70000 Nm3/h  

Combustion chamber temperature: Above 800 oC 

Residence time in combustion chamber: Minimum 2 sec. 

Energy consumption (external): Fuel gas 30000 GJ/a 

 

Applicability  

To all new and existing plants.  

 

1.2.2.2 Recover heat from source either to hot water 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Although the opportunities for energy saving by heat transfer from flue gases from the 

galvanizing kettles are limited due to low volumes and relatively low temperatures (450oC), it is good 

practice to recover heat from this source either to hot water used elsewhere in the plant or to air for 

drying.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy savings. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 

 

1.2.2.3 Carbon and Graphite electrodes 

Other process stages 

The processes used are strongly influenced by the product and its specification. These factors are 

therefore site specific. The blending and forming, baking (production of anodes), impregnation, 

graphitisation, product shaping and fume collection and abatement systems described as applied 

techniques are therefore techniques to consider in the determination of BAT. Essentially the process 

technologies discussed in this chapter, combined with suitable abatement will meet the demands of 

stringent environmental protection. The following are the most imp ortant techniques to consider: 

¶ Enclosed and extracted grinding and blending of raw materials, fabric filters for abatement.  
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¶ Use of furnaces with adequate extraction of process gases. Furnaces operated on planned 

basis to allow cooling and heating periods to m aximise heat recovery from the gases. 

¶ Destruction of cyanides, tars and hydrocarbons in an afterburner if they have not been 

removed by other abatement. 

¶ Use of low NOx burners or oxy -fuel firing. Control of the firing of furnaces to optimise the 

energy use and reduce PAH and NOx emissions. 

¶ Adequate maintenance of the furnaces to maintain the sealing of off-gas and air ducts. 

¶ Monitoring of the off -gas collection system to identify blockages or potential explosive 

mixtures caused by condensing hydrocarbons. 

¶ Use of wet or semi-dry scrubbing to remove sulphur dioxide if necessary.  

¶ Use of coke bed filters or dry scrubbers plus fabric filters.  

¶ Electrostatic precipitators to remove tars hydrocarbons and PAHs emitted from pitch storage, 

blending, impregnation, form ing and baking stages. Use of afterburners to reduce their levels 

further if necessary. 

¶ Use of bio filters to remove odorous components if necessary (special carbon production). 

¶ Use of sealed or indirect cooling systems. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Optimise the energy usage. 

 

B e s t  p r a c t i c e s 
USAGE OF REGENRATIVE AFTERBURNER 

Description  

A regenerative afterburner has been used in a number of applications. The process depends on an 

alternating cycling of gases through a series of support zones where heating, cooling and cleaning 

cycles take place. The combustible fraction is heated in the heating zone and passes to a common 

residence chamber where combustion is completed, the hot gases then pass into a cooling section 

which is heated to become the next heating zone. The zones are change using a manifold system to 

allow cleaning.  

 

Achieved environmental benefits  

The energy content of the contaminants (hydrocarbon and PAH) is used to heat the support 

materials and auto-thermal operation is therefore possible. 

 

Cross-media effects 

Auto -thermal operation.  

 

Operational data: Status of development 

Not available but < 0.1 ng/Nm 3 dioxins have been reported for an installation serving a blast 

furnace. 

 

Applicability  

Applicable to a variety of processes. The basic principle is good but the changeover to the cleaning 

phase may cause the emission of un-combusted material if the design is poor. It is considered to be 

emerging for high molecular weight, condensable hydrocarbons.  

 

Economics 
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Not available but several installations are operating viably.  

 

1.2.2.4 Cold Rolling Mill  

Combustion air preheating by regenerative or recuperative burners  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Higher NO x concentrations may arise in the case of annealing furnaces operating with 

combustion air preheating. No data was submitted on NO x concentrations in connection with air 

preheating, but the figures given for reheating furnaces may serve as an indication. 

Limiting the preheating temperature may be seen as a NOx reduction measure. However, the 

advantages of reduced energy consumption and reductions in SO2, CO2 and CO have to be weighed 

against the disadvantage of possible increased emissions of NOx. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Increase of energy efficiency. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 

 

1.2.2.5 Galvanizing of Sheet 

Heat Treatment (Zinc and Zinc Alloy Coating)  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Radiant Tube Furnace (R.T.F.) - Fuels used are desulphured coke oven gas and natural gas. 

Energy conservation is a primary consideration in modern furnace designs. Recuperative features, 

such as infrared waste gas preheaters, preheating of combustion air in direct fired and radiant tube 

furnace burners, preheating of furnace atmosphere gas and installation of waste heat boilers are 

generally incorporated when feasible.  

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Increase of energy efficiency. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

For very high quality st andards and for improving the adherence of the following metallic 

coating. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry 

 

The reduction of emissions and energy consumption of heat treatment furnaces  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Low -NOx burners with associated emission levels of 250 - 400 mg/Nm³ for NO x (3% O2) without 

air preheating and 100 - 200 mg/Nm³ for CO.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of emissions and energy consumption of heat treatment furnaces. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 

 

Combustion air preheating by regen erative or recuperative burners  

The best available techniques for the reduction of emissions and energy consumption of heat 

treatment furnaces 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

No data were submitted on NO x concentrations in connection with air preheating, but the figures 

given for reheating furnaces may serve as an indication. Limiting the preheating temperature may be 

seen as a NOx reduction measure. However, the advantages of reduced energy consumption and 

reductions in SO2, CO2 and CO have to be weighed against the disadvantage of possible increased 

emissions of NOx. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of emissions and energy consumption of heat treatment furnaces. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 

 

Metods to reduce emissions and energy consumption  

In installations where galvannealing is done, there are a few metods to reduce emissions and 

energy consumption.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Low -NO x burners with associated emission levels of 250 - 400 mg/Nm³ for NO x (3% O2) without 

air preheating.  

Regenerative or recuperative burner systems. 

No data were submitted on NO x concentrations in connection with air preheating, but the figures 

given for reheating furnaces may serve as an indication. Limiting the preheating temperature may be 

seen as a NOx reduction measure. However, the advantages of reduced energy consumption and 

reductions in SO2, CO2 and CO have to be weighed against the disadvantage of possible increased 

emissions of NOx. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of emissions and energy consumption of heat treatment furnaces. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 
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1.2.2.6 Hot Dipping 

Enclosed Galvanizing  Pot 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Enclosures in combination with scrubbers or fabric filters.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of fugitive air emissions (reported 95 ð 98% capture of dust and other emissions). 

¶ Reduction of squirts.  

¶ Energy savings due to reduced surface heat loss from the galvanizing bath. 

 

C r o s s- m e d i a  e f f e c t s 

Energy consumption (electrical energy is used for extraction fans, filter cleaning and possibly 

filter heating), but compared to other suction systems weaker suction is requi red (meaning less energy 

is needed). Wet scrubbers: generate waste water, requiring treatment, less recycling potential than for 

dry filter dust.  

 

A p p l i c a b i l i t y  

New and existing plants. Loading in longitudinal direction of bath.  

 

E c o n o m i c s 

At Verzinkerei R hein-Main, investment costs of DM 1634167 and operating costs of DM 309000 

were incurred in 1985 for enclosure in combination with a fabric filter. The operating costs include DM 

259000 for service of capital. 

 

E x a m p l e  p l a n t s 
Verzinkerei Rhein -Main GmbH, Groß-Rohrheim, Germany. 

 

Heat Recovery from Galvanising Kettle Heating  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The method most commonly used for heat recovery from combustion gas is transfer to air or 

water. Heat exchangers typically fabricated from banks of stainless steel tubes are used to recover heat 

from flue gas to air. The flue products are normally on the tube side. Flue products may be introduced 

at 500 to 700oC when the furnace is operating at full production rate. The heat exchanger may be 

placed directly in the furnace flue duct but, in the absence of forced extraction of flue gases, only 

a small flue gas pressure drop can be tolerated. This limits the rate of heat transfer. 

Shell and tube heat exchangers can be used to transfer heat from flue products to water or steam, 

with flue gas on the shell side. Another common type of exchanger is a bank of finned tubes placed in 

the flue duct. In this case water is on the tube side. 

Gases may be drawn through the heat exchanger using a fan downstream of the exchanger in 

order to increase the overall coefficient. This is a common arrangement for gas-to-water heat 
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exchange. Both heat exchanger and fan are located in a branch parallel to the main flue duct, thus 

avoiding any back -pressure effect on the furnace. The fan consumes a small amount of power. 

In a few cases flue gases are contacted directly with the outer surface of a pre-treatment tank, 

transferring heat by radiation and convection.  

Heat exchangers for oil fuels and for surface heated baths require special design due to the 

presence of SO2 and ash in the flue gases. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduced fuel consumption, energy savings. 

 

A p p l i c a b i l i t y  

New and existing plants. In principle, can be applied to any installation subject to economic 

analysis, which depends on fuel price, thermal rating of fur nace and demand for waste heat. 

Not normally interesting on two burner systems (small kettles) because there is not enough heat 

available to be useful. Heat recovery systems are very frequently installed on four and six burner 

systems. 

E c o n o m i c s 

Energy reductions in the range 15 ð 45 kWh/t black steel.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Fuel cost. 

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 

 

1.2.2.7 Hot Rolling Mill  

Reduction of  heat loss in intermediate products  
 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Minimizing the storage time and by insulating the slabs/blooms (heat conservation box or 

thermal covers) depending on production layout.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Lower energy consumption . 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

To minimize the energy requirements.  

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry . 

 

Change of logistic and intermediate storage  
 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Change of logistic and intermediate storage to allow for a maximum rate of hot charging, direct 

charging or direct rolling (the maximum rate depends on production schemes and product quality).  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Lower energy consumption . 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

To minimize the energy requirements.  

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry . 

 

Reheating and heat treatment furnaces  

BAT for reheating and heat treatment furnaces 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Avoiding excess air and heat loss during charging by operational measures (minimum door 

opening necessary for charging) or structural means (installation of multi -segmented doors for tighter 

closure). 

Careful choice of fuel (in some cases, e.g. coke oven gas, desulphurisation maybe necessary) and 

implementation of furnace automation and control to optimise the firing conditions in the furnace.  

Recovery of heat in the waste gas: 

¶ by feedstock preheating, 

¶ by regenerative or recuperative burner systems, 

¶ by waste heat boiler or evaporative skid cooling (where there is a need for steam). 

Limiting the air preheating temperature. With increasing air preheating temperature, a significant 

rise in NO x concentrations is inevitable. Thus, limiting the preheating temperature may be seen as 

a NO x reduction measure. However, the advantages of reduced energy consumption and reductions 

in SO2, CO2 and CO have to be weighed against the disadvantage of potentially increased emissions 

of NO x. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of direct energy consumption . Optimum energy efficiency . Energy savings of 40-50% 

can be achieved by regenerative burners, with reported NO x reductions potentials of up to 50%. 

Energy savings associated with recuperators or recuperative burners are about 25%, with reported 

achievable NOx reductions of about 30% (50% in combination with low -NO x burners). 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

To optimise the firing conditions in the furnace.  

 

E x a m p l e  p l a n t s 
Plants using Ferrous Metals Processing Industry. 
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1.2.2.8 Nickel and Cobalt 

Refining and transformation processes  

The refining and transformation processes such as: 

¶ leaching, chemical refining and solvent extraction,  

¶ electro-winning,  

¶ production of metal powders ingots and other products  

should be taken into account when determining BAT, when used with effective gas and liquid 

collection and treatment techniques. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The use of sealed reactors where possible for the leaching and solvent extraction stages allow 

gases and vapours to be contained and re-used. These techniques are considered to be BAT. 

There are occasions when sealing is not possible for example covered settlement baths. Fume 

collection from semi -sealed equipment is a very important component of BAT as the mass of fugitive 

emissions can be greater than abated emissions.  

The correct use of furnace sealing and fume collection techniques is also considered to be BAT 

and is associated with the use of proper prevention and maintenance techniques. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of energy use. 

 

 

O p e r a t i o n a l  d a t a 

The refining processes described in applied techniques are applied to a wide range of raw 

materials of varying quantity and composition. The techniques have been developed by the 

Companies in this sector to take account of this variation. The choice of pyro-metallurgic al or 

hydrometallurgical technique is driven by the raw materials used, the impurities present and the 

product made. In particular the morphology of the final product can be crucial for example when 

powders are produced for battery manufacture or when meta l coatings are applied to a variety of 

substrates such as foams. 

The basic refining processes outlined above therefore constitute the techniques to consider for the 

recovery processes. The application of the reactor sealing, abatement, control and management 

techniques are techniques to consider. 

 

A p p l i c a b i l i t y  

Refining and transformation processes. 

 

1.3 Recovery 

Heat exchangers 

BAT is to maintain the efficiency of heat exchangers by both: monitoring the efficiency 

periodically, and preventing or removing fouling.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Direct heat recovery is carried out by heat exchangers. A heat exchanger is a device in which 

energy is transferred from one fluid or gas to another across a solid surface. They are used to either 

heat up or cool down processes or systems. Heat transfer happens by both convection and conduction. 

Heat exchangers are designed for specific energy optimised applications. The subsequent 

operation of heat exchangers under different or variable operating conditions is only pos sible within 

certain limits. This will result in changes to the transferred energy, the heat transfer coefficient (U -

value) and the pressure drop of the medium.  

The heat transfer coefficient and hence transferred power are influenced by the thermal 

conductivity as well as the surface condition and thickness of the heat transfer material. Suitable 

mechanical design and choice of materials can increase the efficiency of the heat exchanger. 

Costs and mechanical stresses also play a major role in the choice of material and structural 

design. 

The power transferred through the heat exchanger is heavily dependent on t he heat exchanger 

surface. The heat exchanger surface area may be increased using ribs (e.g. ribbed tube heat 

exchangers, lamella heat exchangers). This is particularly useful in attaining low heat transfer 

coefficients (e.g. gas heat exchangers). 

The accumulation of dirt on the heat exchanger surface will diminish the heat transfer. Dirt levels 

may be reduced by using appropriate materials (very smoot h surfaces), structured shapes (e.g. spiral 

heat exchangers) or changing the operating conditions (e.g. high fluid speeds). Furthermore, heat 

exchangers may be cleaned or fitted with automatic cleaning systems (dynamic or scrapped surface). 

Higher flowrate s will increase the heat transfer coefficient. However, increased flowrates will 

also result in higher pressure drops. High levels of flow turbulence improve heat transfer but result in 

an increased pressure drop. Turbulence may be generated by using s tamped heat exchanger plates or 

by fitting diverters.  

The transferred power is also dependent on the physical state of the fluid (e.g. temperature and 

pressure). If air is used as the primary medium, it may be humidified prior to entering the heat 

exchanger. This improves the heat transfer. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy savings are made by using secondary energy flows. 

 

C r o s s- m e d i a  e f f e c t s 

No data submitted.  

 

O p e r a t i o n a l  d a t a 

Condition monitoring of heat exchanger tubes may be carried out using eddy current inspection. 

This is often simulated through computational fluid dynamics (CFD). Infrared photography may also 

be used on the exterior of heat exchanges, to reveal significant temperature variations or hot spots. 

Fouling can be a serious problem. Often, cooling waters from rivers, estuaries or a sea is used, 

and biological debris can enter and build layers. Another problem is scale, which is chemical deposit 

layers, such as calcium carbonate or magnesium carbonate. The process being cooled can also deposit 

scale, such as silica scale in alumina refineries. 

¶ plate heat exchangers need to be cleaned periodically, by disassembling, cleaning and re-

assembly, 

¶ tube heat exchangers can be cleaned by acid cleaning, bullet cleaning or hydrodrillling (the 

last two may be proprietary techniques) , 

¶ specific techniques are selected on a case-by-case basis. 
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A p p l i c a b i l i t y  

Heat recovery systems are widely used with good results in many industrial sectors and 

systems.It is being applied for an increasing number of cases, and many of these can be found outside 

of the installation. Heat recovery is not applicable where there is no demand that matches the 

production curve.  

 

E c o n o m i c s 

Payback time may be as short as six months or as long as 50 years or more. In the Austrian pulp 

and paper industry, the payback time of the complex and different systems was between one and 

about three years. 

The cost-benefits and payback (amortisation) periods can be calculated, e.g. as shown in the ECM 

REF. In some cases, particularly where the heat is used outside the installation, it may be possible to 

use funding from policy initiatives.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Reduction of energy costs, reduction of emissions and the often rapid return of investments . 

Improved process operation, e.g. reduction of surface contamination (in scrapped surface 

systems), improvement of existing equipment/flows, reduction in system pressure drop (which 

increases the potential maximum plant throughput).  

Savings in effluent charges. 

 

E x a m p l e  p l a n t s 
Acid cl eaning: Eurallumina, Portovecompany, Italy.  

 

 

 

Monitoring and maintenance of heat exchangers  

BAT is to maintain the efficiency of heat exchangers by both: monitoring the efficiency 

periodically, and preventing or removing fouling.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Condition monitoring of heat exchanger tubes may be carried out using eddy current inspection. 

This is often simulated through computational fluid dynamics (CFD). Infrared photography may also 

be used on the exterior of heat exchanges, to reveal significant temperature variations or hot spots.  

Fouling can be a serious problem. Often, cooling waters from rivers, estuaries or a sea is used, 

and biological debris can enter and build layers. Another problem is scale, which is chemical deposit 

layers, such as calcium carbonate or magnesium carbonate.The process being cooled can also deposit 

scale, such as silica scale in alumina refineries. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved heat exchange for heat recovery. 

 

C r o s s- m e d i a  e f f e c t s 

Use of chemicals for removing scale. 
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O p e r a t i o n a l  d a t a 

¶ plate heat exchangers need to be cleaned periodically, by disassembling, cleaning and re-

assembly, 

¶ tube heat exchangers can be cleaned by acid cleaning, bullet cleaning or hydrodrillling (the 

last two may be proprietary techniques),  

¶ the operation and cooling of cooling systems. 

 

A p p l i c a b i l i t y  

Applicable to all heat exchanges. Specific techniques are selected on a case-by-case basis. 

 

E c o n o m i c s 

Maintaning the heat exchangers to their design specifications optim ises payback. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Maintaining production capacity.  

 

Heat pumps  

BAT is to maintain the efficiency of heat exchangers by both: monitoring the efficiency 

periodically, and preventing or removing fouling.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The main purpose for heat pumps is to transform energy from a lower temperature level (low 

exergy) to a higher level. Heat pumps can transfer heat (not generate heat) from man-made heat 

sources such as industrial processes, or from natural or artificial heat sources in the surroundings, 

such as the air, ground or w ater, for use in domestic, commercial or industrial applications. However, 

the most common use of heat pumps is in cooling systems, refrigerators, etc. Heat is then transferred 

in the opposite direction, from the application that is cooled, to the surroundings. Sometimes the 

excess heat from cooling is used to meet asimultaneous heat demand elsewhere. Heat pumps are used 

in co- and trigeneration, these are systems that provide both cooling and heating simultaneously, and 

with varying seasonal demands  

In order to transport heat from a heat source to a location where heat is required, external energy 

is needed to drive the heat pump. The drive can be any type, such as an electric motor, a combustion 

engine, a turbine or a heat source for adsorption heat pumps. 

Types of heat pumps: 

¶ Compression heat pumps (closed cycle), 

¶ Absorption heat pumps,  

¶ Mechanical vapour recompression (MVR).  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Heat pumps enable the recovery of low grade heat, with primary energy consumption lower than 

the energy output (depending on the COP, and if the requirements for an good seasonal overall 

efficiency are fulfilled). This enables the use of low grade heat in useful applications, such as heating 

inside in the installation, or in the adjacent community. This results in reducing the use of primary 

energy and related gas emissions, such as carbon dioxide (CO2), sulphur dioxide (SO 2) and nitrogen 

oxides (NOx) in the specific application s. 
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The efficiency of any heat pump system is strongly dependent on the required temperature lift 

from source to sink. 

 

C r o s s- m e d i a  e f f e c t s 

Use of refrigerant with environmental impacts (greenhouse gas effect in particular) from leaks or 

decommissioning compression or absorption heat pumps. 

 

A p p l i c a b i l i t y  

Compressor systems: typically used working fluids limit the output temperature to 120 °C.  

Absorption systems: a water/lithium bromide working fluid pair can achieve an output of 100 °C 

and a temperature lift of 65 °C. New generation systems have higher output temperatures (up to 260 

°C) and higher temperature lifts.  

Current MVR systems work with heat source temperatures of 70 -  80 °C and delivery heat of 110 

- 150 °C, and in some cases, up to 200 °C. The most common vapour compressed is steam although 

other process vapours are also used, notably in the petrochemical industry. 

The situation in an industry with combined heat and power production is more complicated. For 

example, with backpressure turbines, the lost work from the turbines must also be considered.  

Heat pumps are used in cooling equipment and systems (where the heat removed is often 

dispersed). However, this demonstrates the technologies are robust and well developed. The 

technology is capable of a much wider application for heat recovery.  

Å space heating, 

Å heating and cooling of process flows, 

Å water heating for washing, sanitation and cleaning,  

Å steam production , 

Å drying/dehumidification , 

Å evaporation, 

Å distillation , 

Å concentration (dehydration).  

They are also used in co- and trigeneration systems. 

The most common waste heat streams in industry are cooling fluid, effluent, condensate, 

moisture, and condenser heat from refrigeration plants. Because of the fluctuation in waste heat 

supply, it may be necessary to use large (insulated) storage tanks to ensure stable operation of the heat 

pump.  

Adsorption heat pumps are applicable for cooling systems in sites where there is a large amount 

of waste heat. 

Most MVR installations are in unit operations such as distillation, evaporation, and drying, but 

steam production to a steam distribution network is also common.  

Relatively few heat pumps are installed in industry for heat recovery and usually realised in the 

course of planning new facilities and plants, o r significant upgrades.  

Heat pumps are more cost-effective when fuel costs are high. Systems tend to be more complex 

than fossil fuel fired systems, although the technology is robust.  

 

E c o n o m i c s 

The economy depends strongly on the local situation. The amortisation period in industry is 

2 years at best. This can be explained on the one hand by the low energy costs, which minimise 

savings through the use of heat pumps and on the other hand by the high investment costs involved.  
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The profitability for an MV R installation, besides fuel and electricity prices, depends on 

installation costs. The installation cost for an installation at Nymölla in Sweden, was about EUR 4.5 

million. The Swedish Energy Agency contributed a grant of nearly EUR 1.0 million. At the t ime of 

installation, the annual savings amounted to about EUR 1.0 million per year.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å savings of operational energy costs, 

Å an installation could provide the means to increase production without investing in a new 

boiler if the boiler capacity is a limiting factor.  

 

E x a m p l e  p l a n t s 
Å Dåvamyren, Umeå, Sweden: compressor driven heat pump in waste to energy plant, 

Å Renova Göteborg, Sweden: absorption driven heat pump, 

Å Borlänge, Halmstad and Tekniska Verken, Linköping, Sweden, W -t-E plants, and biofuel 

burners, Sweden: MVR heat pumps, 

Å MVR has been adapted to small scale installations, where the compressor can be run by 

a simple electric motor.  
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PART 2: ELECTRICITY  
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2.1 Lighting  

BAT is to optimise artificial lighting systems by:  

¶ planning space and activities in order to optimise the use of natural light,  

¶ selection of fixtures and lamps according to specific requirements for the intended use, 

¶ trainings for building occupants about utilisation of lighting equipment in the most effic ient 

manner, 

¶ usage of lighting management control systems including occupancy sensors, timers, etc. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Artificial lighting accounts for a significant part of all electrical energy consumed worldwide. In 

offices, from 20 to 50 per cent of the total energy consumed is due to lighting. Most importantly, for 

some buildings over 90 per cent of lighting energy consumed can be an unnecessary expense through 

over-illumination. Thus, lighting represents a critical component of energy use to day, especially in 

large office buildings and for ot her large scale uses where there are many alternatives for energy 

utilisation in lighting.  

There are several techniques available to minimise energy requirements in any building:  

 

a) identification of lighting requirements for each area 

This is the basic concept of deciding how much lighting is required for a given task. Lighting 

types are classified by their intended use as general, localised, or task lighting, depending largely on 

the distribution of the light produced by the fixture. Clearly, much less light is required for 

illuminating a walkway compared to that needed for a computer workstation.  

Generally speaking, the energy expended is proportional to the design illumination level. For 

example, a lighting level of 800 lux might be chosen for a work environment encompassing meeting 

and conference rooms, whereas a level of 400 lux could be selected for building corridors: 

¶ general lighting is intended for the general illumination of an area. Indoors, this would be a 

basic lamp on a table or floor, or a fixture on the ceiling. Outdoors, general lighting for a 

parking area may be as low as 10 - 20 lux since pedestrians and motorists already accustomed 

to the dark will need little light for crossing the a rea, 

¶ task lighting is mainly functional and is usually the most concentrated, for purposes such as 

reading or inspection of materials. For example, reading poor quality pr int products may 

require task lighting levels up to 1500 lux, and some inspection tasks or surgical procedures 

require even higher levels. 

 

b) analysis of lighting quality and design  

¶ the integration of space planning with interior design (including choice of interior surfaces 

and room geometries) to optimise the use of natural light. Not only will greater reliance on 

natural light reduce energy consumption, but will favourably impact on human health and 

performance, 

¶ planning activities to optimise the use of natural light,  

¶ consideration of the spectral content required for any activities n eeding artificial light,  

¶ selection of fixtures and lamp types that reflect best available techniques for energy 

conservation. 

 

Types of electric lighting include:  

¶ incandescent light bulbs: an electrical current passes through a thin filament, heating it and 

causing it to become excited, releasing light in the process. The enclosing glass bulb prevents 
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the oxygen in air from destroying the hot filament. An advantage of incandescent bulbs is that 

they can be produced for a wide range of voltages, from just a few volts up to several 

hundred. Because of their relatively poor luminous efficacy, incandescent light bulbs are 

gradually being replaced in many applications by fluorescent lights, high intensity discharge 

lamps, light -emitting diodes (LEDs), and other d evices. 

¶ arc lamps or gas discharge lamps: an arc lamp is the general term for a class of lamps that 

produce light by an electric arc (or voltaic arc). The lamp consists of two electrodes  typically 

made of tungsten which are separated by a gas. Typically, such lamps use a noble gas (argon, 

neon, krypton or xenon) or a mixture of these gases. Most lamps contain additional materials, 

such as mercury, sodium, and/or metal halides. The common fluorescent lam p is actually a 

low pressure mercury arc lamp where the inside of the bulb is coated with a light emitting 

phosphor. High intensity discharge lamps operate at a higher current than the fluorescent 

lamps, and come in many varieties depending on the material  used. Lightning could be 

thought of as a type of natural arc lamp, or at least a flash lamp. The type of lamp is often 

named by the gas contained in the bulb including neon, argon, xenon, krypton, sodium, metal 

halide, and mercury. The most common arc or gas discharge lamps are: 

- fluorescent lamps 

- metal halide lamps 

- high pressure sodium lamps 

- low pressure sodium lamps.  

 

The electric arc in an arc or gas discharge lamp consists of gas which is initially ionised by a 

voltage and is therefore electrically conductive. To start an arc lamp, usually a very high voltage is n 

eeded to 'ignite' or 'strike' the arc. This r equires an electrical circuit sometimes called an 'igniter', 

which is part of a larger circuit called the 'ballast'. The ballast supplies a  suitable voltage and current 

to the lamp as its electrical characteristics change with temperature and time. The ballast is typically 

designed to maintain safe operating conditions and a constant light output over the life of the lamp. 

The temperature of the arc can reach several thousand degrees Celsius. An arc or gas discharge lamp 

offers a long life and a high light efficiency, but is more complicated to manufacture, and requires 

electronics to provide the correct current flow through the gas  

 

¶ sulphur lamps: the sulphur lamp is a highly efficient full spectrum electrodeless lighting 

system whose light is generated by sulphur plasma that has been excited by microwave 

radiation. With the exception of fluorescent lamps, the warm -up time of the sulphur lamp  is 

notably shorter than for other gas discharge lamps, even at low ambient temperatures. It 

reaches 80 % of its final luminous flux within twenty seconds (video), and the lamp can be 

restarted approximately five minutes after a power cut  

¶ light emitting di odes, including organic light emitting diodes (OLEDs): a light emitting diode 

(LED) is a semiconductor diode that emits incoherent narrow spectrum light. One of the key 

advantages of LED-based lighting is its high efficiency, as measured by its light outpu t per 

unit of power input. If the emitting layer material of an LED is an organic compound, it is 

known as an organic light emitting diode (OLED). Compared with regular LEDs, OLEDs are 

lighter, and polymer LEDs can have the added benefit of being flexible.  Commercial 

application of both types has begun, but applications at an industrial level are still limited.  

 

Different types of lights have vastly differing efficiencies.  
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The most efficient source of electric light is the low pressure sodium lamp. It produ ces an almost 

monochromatic orange light, which severely distorts colour perception. For this reason, it is generally 

reserved for outdoor public lighting usages. Low pressure sodium lights generate light pollution that 

can be easily filtered, contrary to broadband or continuous spectra. 

Data on options, such as types of lighting, are available via the Green Light Programme. This is a 

voluntary prevention initiative encouraging non -residential electricity consumers (public and private), 

referred to as ' Partners', to commit to the European Commission to install energy efficient lighting 

technologies in their facilities when (1) it is profitable, and (2) lighting quality is maintained or 

improved.  

 

c) management of lighting  

¶ emphasise the use of lighting management control systems including occupancy sensors, 

timers, etc. aiming at reducing lighting consumption,  

¶ training of building occupants to utilise lighting equipment in the most efficient manner,  

¶ maintenance of lighting systems to minimise energy wastage. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy savings. 

 

C r o s s- m e d i a  e f f e c t s 

Certain types of lamps, e .g. mercury vapour, fluorescent, contain toxic chemicals such as 

mercury or lead. At the end of their useful life, lamps must be recycled or disposed of correct ly.  

 

O p e r a t i o n a l  d a t a 

It is valuable to provide the correct light intensity and colour spectrum for each task or 

environment. If this is not the case, energy could not only be wasted but over -illumination could lead 

to adverse health and psychological effects such as headache frequency, stress, and increased blood 

pressure. In addition, glare or excess light can decrease worker efficiency. 

Artificial nightlighting has been associated with irregular menstrual cycles.  

To assess ef fectiveness, baseline and post-installation models can be constructed using the 

methods associated with measurement and verification (M&V) options A, B, C and D:  

 

M&V Option A:  

Focuses on physical assessment of equipment changes to ensure the installation is to 

specification. Key performance factors (e.g. lighting wattage) are determined with spot or short term 

measurements and operational factors (e.g. lighting operating hours) are stipulated based on the 

analysis of historical data or spot/short term measurements. Performance fa ctors and proper 

operation are measured or checked yearly. 

Engineering calculations using spot or short term measurements, computer simulations, and/or 

historical data. 

Cost dependent on number of measurement points. Approx. 1 -5% of project construction cost 

 

M&V Option B:  Savings are determined after project completion by short term or continuous 

measurements taken throughout the term of the contract at device or system level. Both performance 

and operations factors are monitored. 

Engineering calculations using metered data. 
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Cost dependent on number and type of systems measured and the term of analysis/metering. 

Typically 3 -10% of project construction cost. 

 

M&V Option C:  After project completion, savings are determined at whole building or facility 

level using the current year and historical utility meter or sub -meter data. 

Analysis of utility meter (or sub -meter) data using techniques from simple comparison to 

multivariate (hourly or monthly) regression analysis.  

Cost dependent on number and complexity o f parameters in analysis. Typically 1-10% of project 

construction cost. 

 

M&V Option D:  Savings are determined through simulation of facility components and/or the 

whole facility.  

Calibrated energy simulation/modelling; calibrated with hourly or monthly uti lity billing data 

and/or end -use metering. 

Cost dependent on number and complexity of systems evaluated. Typically 3ð10% of project 

construction cost. 

 

A p p l i c a b i l i t y  

All cases.Cost benefit on lifetime basis. 

Techniques such as the identification of illumination requirements for each given use area, 

planning activities to optimise the use of natural light, selection of fixture and lamp types according to 

specific requirements for the intended use, and management of lighting are applicable to all IPPC 

installations. Other measurements such as the integration of space planning to optimise the use of 

natural light are only applicable to new or upgraded installations.  

Where this can be achieved by normal operational or maintenance rearrangements, consider in all 

cases. If structural changes, e.g. building work, is required, new or upgraded installations.  

 

E c o n o m i c s 

The Green Light investments use proven technology, products and services which can reduce 

lighting energy use from between 30 and 50%, earning rates of return of between 20 and 50%. 

Payback can be calculated using techniques in the ECM REF. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å health and safety at work, 

Å energy savings. 

 

E x a m p l e  p l a n t s 
Widely used.  

 

2.2 Organizational aspects  

2.2.1 Cooling system 

Design phase of a cooling system  

It is BAT in the design phase of a cooling system: 

¶ to reduce resistance to water and airflow, 
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¶ to apply high efficiency/low energy equipment , 

¶ to reduce the amount of energy demanding equipment , 

¶ to apply optimised cooling water treatment in once-through systems and towers to keep 

surfaces clean and avoid scaling, fouling and corrosion. 

 

 

 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

If dry air cooling systems are the preferred option, measures are primarily related to reduction of 

direct energy consumption and noise emissions and the optimization of size with respect to the 

required cooling surface. 

Following the BAT òapproachó, the design of the cooling system and the choice of materials to be 

used are an important preventive step. Both can affect the operation as the required amount of direct 

energy consumption.  

For each individual case a combination of the above-mentioned factors should lead to the lowest 

attainable energy consumption to operate a cooling system. 

The right choice of material and design will reduce the required power consumption of cooling 

systems. The following practices are applied and can be mentioned, as options one should be aware 

of: 

1. proper lay -out of the cooling system, such as smooth surfaces and as few changes of flow 

direction as possible, will avoid turbulence and reduce resistance to the flow of the coolant;  

2. in mechanical cooling towers, choice of type and position of fans and possibility of airflow 

adjustment are options for reduced energy use; 

3. choice of the right fill or packing (in light of the operating conditions) to secure maximum 

heat exchange at all times; 

4. choice of drift eliminators with minimum resistance to airflow.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of energy consumption . 

 

O p e r a t i o n a l  d a t a 

The following factors are taken into account:  

Å type of operation (e.g. once-through or recirculating) , 

Å design of cooler and layout of cooling system (direct/indirect) , 

Å pressure level (condenser), 

Å composition and corrosiveness of the cooling water, 

Å composition and corrosiveness of the medium to be cooled, 

Å required longevity and costs . 

A range of materials is available and, in order of increasing resistance, most commonly used are 

carbon steel, coated (galvanised) steel, aluminium/brass, copper/nickel, adequate t ypes of stainless 

steel and titanium. Within these groups a further sub -classification on the quality is used. Especially 

resistance to corrosion, mechanical erosion and biological pollution is greatly determined by the 

quality of the water combined with p ossible conditioning agents. 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 
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2.2.2 Energy management 

Benchmarking the installation  

It is BAT to continuously optimise the use of inputs (raw materials and utilities) against 

benchmarks. A system to action the data will include:  

¶ identifying a person or persons responsible for evaluatin g and taking action on the data, 

¶ action being taken to inform those responsible for plant performance, including alerting 

operators, rapidly and effectively, to variations from nor mal performance, 

¶ other investigations to ascertain why performance has varied or is out of line with external 

benchmarks. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Benchmarking is the systematic recording of inputs (raw materials, energy and water) and 

outputs (emissions to air, water and as waste), and the regular comparisons of these with previous 

data for the installation, with its sector, national or regional benchmarks.  

Appropriate benchmarking requires comparable data ð a òlike for likeó comparison. For surface 

treatment activities this would be best achieved on a surface area treated basis or other consumption 

or throughout basis. For instance, kg of zinc used per 10000 m2 of surface, kg zinc discharged per 

10000 m2 of surface, kWh per 10000 m2 of surface. 

Variables can make such data difficult to acquire accurately: for instance, workpieces have 

irregular shapes and varying thicknesses so estimations of surface area can vary in accuracy, and 

thickness of deposited coatings can vary widely. However, these difficulties do not prevent the 

gathering of data to be used. 

It is BAT to establish benchmarks (or reference values) that enable the installationõs performance 

to be monitored on an ongoing basis and also against external benchmarks. Record and monitor usage 

of all utility inputs by type: electricity, gas, LPG and other fuels, and water, irrespective of source and 

cost per unit. The detail and period of recording, whether hourly, by shift, by week, by square metre 

throughput or other measure etc. will be ac cording to the size of the process and the relative 

importance of the measure. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Assists individual installations to assess their environmental performance with other 

installations. Assists in identifying techniques used by t he best performing installations.  

 

C r o s s- m e d i a  e f f e c t s 

None. 

 

O p e r a t i o n a l  d a t a 

Provides benchmarks and assessment of operational environmental performance for installations 

and techniques. 

 

A p p l i c a b i l i t y  

Data must be available for several installations with homogeneity of inputs and outputs before an 

individual installation can be benchmarked. The breadth of data and installations needs to be 

sufficiently wide to be challenging; for example, benchmarks water usage at 50 litres per m2 from 
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TWG) and the French regulatory maximum is 8 litres per m 2 per rinsing operation which equates to 40 

litres per m 2 for a 5-process line. Weighting factors need to be determined. Knowledge of DEA and its 

application with linear programming is required. This approach may be  useful for a group of 

companies or a trade association. The technique does not readily take account of cross-media effects. 

 

E c o n o m i c s 

Optimisation of the plant environmental performance will usually achieve economic 

optimisation.  

 

 

 

 

D r i v i n g  f o r c e  f o r  i mp l e m e n t a t i o n 

Benchmarking is also commensurate with good economic performance. Benchmarking and 

optimising environmental performance (such as raw material, water and power inputs, as well as 

material losses) will achieve economic optimisation at the same time. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Minimising of  electrical energy consumption  

BAT is to minimise electrical energy consumption by using one or a combination of the following 

techniques: 

1. power management systems, 

2. grinding, pumping, ventilation and conveying equipment and other electricity -based 

equipment with high energy efficiency.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improved energy efficiency.  

 

A p p l i c a b i l i t y  

Frequency controlled pumps cannot be used where the reliability of the pumps is of essential 

importance for the safety of the process. 

 

Minimising the effects of reworking  

It is BAT to minimise the environmental impacts of reworking by management systems that 

require regular re -evaluation of process specifications and quality contr ol jointly by the customer and 

the operator. This can be done by: 

¶ ensuring specifications are: 

o correct and up to date 

o compatible with legislation  

o applicable 

o attainable 

o measurable appropriately to achieve customerõs performance requirements 
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¶ both customer and operator discussing any changes proposed in each otherõs processes and 

systems prior to implementation , 

¶ training operators in the use of the system, 

¶ ensuring customers are aware of the limitations of the process and the attributes of the surface 

treatment achieved. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Workpieces or substrate surface treated incorrectly, to the wrong or inappropriate specification, 

or a specification incorrectly applied can lead to significant amounts of metal stripping and 

rectifi cation (in barrel and jig work). Workpieces and/or substrate may also have to be scrapped, 

predominantly large scale coils and printed circuit boards, although some jig and barrel processed 

workpieces may be damaged irrecoverably. 

Reduction in reworking an d scrap can be achieved in a variety of ways, such as using formal 

quality management systems, QMS. As with environmental management tools, to achieve success 

within the installation, it is good practice to ensure these systems are formally recorded and 

disseminated to the workforce. While many such systems are externally accredited (and this may be a 

customer requirement) it may not be essential. 

However, it is usual to have the system externally audited, to provide unbiased input to validate 

and update the system, as well as giving customer confidence. These systems usually include 

statistical process control (SPC). 

Attention to the appropriate process specification and its quality control is also an important 

factor. In surface treatment activities a ôright first time approachõ is normally anticipated and is often 

part of a formal system. To achieve this, it is common practice to ensure the correct process is applied 

in the correct manner to achieve the desired effect. This requires a proper understanding of the 

properties given by the surface treatment and the subsequent operations to be performed on the 

workpiece or substrate such as pressing, forming, bending, crimping, drilling, welding, soldering, etc. 

Other techniques that form part of achieving the c orrect specification are discussed in EMS and in 

production management systems, such as ISO 9000. 

To match the treatment to the required objective, environmental and/or quality management 

systems (as appropriate) can make sufficient provision for dialogue and agreement between the 

operator and the customer about the correct process specification, engineering design drawings and 

the quality control measurement points for the workpieces and/or substrates. The following are 

examples of areas that can be addressed: 

¶ surface treatments can alter the dimensions of a workpiece by the thickness of layer added 

(e.g. changing the size of threaded components), the characteristics of the substrate (e.g. 

hydrogen embrittlement with acid zinc plating) or be inappropriate f or subsequent 

manipulation (e.g. some finishes may be brittle and may flake when a treated workpiece is 

subsequently bent or crimped) , 

¶ in electrolytic processes where the applied material is current-carrying, the deposits build 

preferentially at edges and corners of the workpiece and/or substrate, where the charge 

density is greatest. The method of measurement and the points to be measured for quality 

control of the finish may be agreed taking account of the differences of thickness at different 

parts of the workpiece or substrate to be finished. Some measurement methods require flat 

surfaces and to meet performance requirements attention may need to be given the coating 

thickness being significantly thinner in flat areas than at the edges (a ratio of centre thickness 

to edge thickness of approximately 1:3 or 1:4). Also, while specifications may be met in the 
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flat, measured areas, edge build-up can result in flaking if the edges are subsequently 

manipulated, such as by crimping , 

¶ performance specifications (such as to achieve a specified level of corrosion resistance) are 

preferable to total reliance on prescriptive specifications. The more usual and readily applied 

thickness measurements are best used in conjunction with performance specifications, when 

thi cknesses at agreed points that meet the specified performance can be established alterations 

to the manufacturing process prior to surface treatment. For example, change in pressing oils 

(to a type which may become pressed into the substrate micro-structur e and does not respond 

to normal degreasing processes), type of substrate, pressing workpieces in place of machining, 

hardening prior to surface treatment, etc. , 

¶ alterations to end use specification, 

¶ barrel treatment instead of jig (possibly because of cost constraints), 

¶ major organisations or industry sectors requiring large amounts of surface treatment may 

write their own specifications (such as automotive or aerospace organisations).Smaller 

organisations often use these publicly available specifications. To meet specifications, take 

care to ensure the latest versions are referred to, and the specifications are suitable for other 

products, their subsequent processing and end use, 

¶ some customers may request the highest quality specifications available, such as military and 

aerospace specifications involving cadmium for other products. However, military and 

aerospace applications are exempt from marketing and use legislation applying to cadmium.  

There are many ways in which processes can be improved for stability and consistency over time 

and many techniques have this advantage as well as improving environmental performance. 

Examples are the use of insoluble anodes with external make-up, process solution agitation and 

control of concentration of process chemicals. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Avoiding reworking minimises losses in raw material, energy and water inputs, as well as 

minimising waste water treatment and the generation of sludge and liquid acid wastes.  

 

C r o s s- m e d i a  e f f e c t s 

There are no negative cross-media effects. 

 

O p e r a t i o n a l  d a t a 

If specification or processing is incorrect, a significant proportion of production capacity may be 

affected. 

 

A p p l i c a b i l i t y  

Applicable to all installations. However, note that the IPPC Directive applies to the installation 

and its management systems. It does not apply to the supply chain and products. 

 

E c o n o m i c s 

There is significant economic justification for ensuring the specification is correct and is met, thus 

preventing reworking. Avoiding reworking is a positive action towards sustainable manufacturing 

and increases process throughput efficiency, as well as increasing customer confidence. There are cost 

savings in raw materials, hazardous waste disposal, energy and water, as well as labour. For sub-

contract installations, the cost of stripping and reworking is usually borne by the sub -contractor. 
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Conversely, there are costs associated with introducing and maintaining process management 

systems and SPC. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Business economics and sustainability. Customer requirements for quality management systems. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Process line optimisation and control  

It is BAT to optimise individual activities and process lines by calculating the theoretical  inputs 

and outputs for selected improvement options and comparing with those actually achieved.  

Information fr om benchmarking, industry data and other sources can be used. Calculations can 

be performed manually, although this is easier with software.  

For automatic lines, it is BAT to use real time process control and optimisation.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Calculating the theoretical inputs and outputs required for selected options  is useful to 

benchmark the installationõs environmental and economical performance. While this can be carried 

out manually, it is tedious and time consuming. Software modelling tools can be used to help optimise 

performance of process lines by making recalculations easier and quicker. They can be written for 

processes by external contractors or in -house, and may be general or bespoke for a specific 

installation.  

One software tool is based on an Excel spreadsheet and has a series of parameters for rack and 

barrel zinc electroplating. The calculations used in the spreadsheet are the same as, or similar to other 

similar information, including standard financial calculations.  

As an example, the difference in typical  zinc and passivation barrel line and one optimised using 

various BAT techniquesis: 

Å Typical line: 11500 m3 water usage per year 

Å Optimised line: 2951 m3 water usage per year, a saving of 74% 

The input data for the ôindustry averageõ(benchmark) plant can be adjusted to an actual plant for 

benchmarking, or used to examine the effects of various options, such as adding rinsing stages, 

evaporators, or changing processes, etc. 

While the software is set for zinc plating, all the variables, such as chemical make-up type, and all 

input and output costs can be varied, so the software can be used for other processes, either complete 

lines such as for copper plating, or to judge the effects of changing one activity. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Enables a process line to be optimised theoretically for consumption of energy, as well as 

minimising emissions to air.  

 

C r o s s- m e d i a  e f f e c t s 

Enables optimisation of inputs (raw materials and utilities) and emissions to water at the same 

time. 

 

O p e r a t i o n a l  d a t a 
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Can use existing data and can be used to benchmark performance as well as plan improvements. 

 

A p p l i c a b i l i t y  

For this example, the ôfront-endõ(visible page in the software) shows zinc electroplating, but the 

same calculations can readily be adapted by the user to other surface treatment activities, by entering 

simple, appropriate data in the model. It can therefore be used for all m ultistage process lines, or 

individual sub -processes. 

While financial data is shown in GBP this is purely symbolic, all financial data can be entered as if 

in other currencies for calculation.  

The programme does not optimise the whole installation.  

Other manual or software packages can be used or built, sometimes for a specific plant. 

 

E c o n o m i c s 

The software referred to is free of charge. Trialling options using software can assist with process 

management and investment decisions before commitment. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Environmental optimisation can optimise the plantõs process and economic performance. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

B e s t  p r a c t i c e s 
DATA ENVELOPE ANALYSIS (DEA)  

Description  

Data envelope analysis (DEA) is a method of analysis that has been developed to compare the 

efficiency of organisational units when it is difficult to make the inputs or outputs comparable with 

unambiguous quantities. It can be applied in situations in which there are observations from man y 

relatively homogeneous production units. In this context, homogeneity refers to the inputs and 

outputs that the units produce. They do not need to be organised in the same way or use the same 

types of production technology.  

An example of DEA applied to s urface treatment is given in Data variables from a survey of 15 

electroplating companies were analysed in four groups:  

Å quantity of workpiece/substrate outputs 

Å labour and capital invested in equipment 

Å energy and water consumption 

Å emissions. 

The DEA results were calculated using a varying combination of input factors. The efficiency 

score (productive efficiency) was calculated for inputs in capital and man -hours, water and energy 

with various outputs to the environment. The only output quantifier was the annual revenue earned 

by treatment. The data was modelled using linear programming methods with weighting factors.  
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2.2.3 Pumping systems 

Avoid oversizing when selecting pumps and replace oversized pumps  

BAT is to optimise pumping systems by avoiding o versized when selecting pumps and replacing 

oversized pumps. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The pump is the heart of the pumping system. Its choice is driven by the need of the process 

which could be, first of all, a static head and a flowrate. The choice also depends on the system, the 

liquid, the characteristic of the atmosphere, etc. 

In order to obtain an efficient pumping system, the choice of the pump has to be done so as to 

have a n operating point as close as possible to the best efficiency point. It is estimated that 75% of 

pumping systems are oversized, many by more than 20%. 

Oversized pumps represent the largest single source of wasted pump energy. When choosing a 

pump, oversizing is neither cost nor energy efficient as: 

Å the capital cost is high 

Å the energy cost is high because more flow is pumped at a higher pressure than required. 

Energy is wasted from excessive throttling, large by passed flows, or operation of unnecessary 

pumps. Where oversized pumps are identified, their replacement must be evaluated in relation to 

other possible methods to reduce capacity, such as trimming or changing impellers and/or using 

variable speed controls. Trimming centrifugal pump impellers is the lowest cost method to correct 

oversized pumps. The head can be reduced 10 to 50 per cent by trimming or changing the pump 

impeller diameter within the vendorõs recommended size limits for the pump casing. 

The energy requirements of the overall system can be reduced by the use of a booster pump to 

provide the high pressure flow to a selected user and allow the remainder of the system to operate a 

lower pressure and reduced power.  

The European Procurement Lines for water pumps provides a simple methodology for selecting 

a highly efficient pump with a high efficiency for the requested duty point. This meth odology can be 

downloaded from:  

http://re.jrc.ec.europa.eu/energyefficiency/motorchallenge/pdf/EU_pumpguide_final.pdf  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Oversizing is the largest single source of pump energy wastage. 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

For new pumps: all cases 

For existing pumps: lifetime cost benefit  

http://re.jrc.ec.europa.eu/energyefficiency/motorchallenge/pdf/EU_pumpguide_final.pdf
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The applicability of particular measures and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

 

Control and regulation system  

BAT is to optimise pumping systems.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A pump application might need to cover several duty points, of which the largest flow and/or 

head will determine the rated duty for the pump. A control and regulation system is important in a 

pumping system so as to optimise the duty working conditions for the he ad pressure and the flow. It 

provides:  

Å process control 

Å better system reliability 

Å energy savings. 

For any pump with large flow or pressure variations, when normal flows or pressures are less 

than 75% of their maximum, energy is probably being wasted f rom excessive throttling, large 

bypassed flows (either from a control system or deadhead protection orifices), or operation of 

unnecessary pumps. 

The following control technique may be used:  

Å controlling a centrifugal pump by throttling the pump discharge (using a valve) wastes energy. 

Throttle control is, however, generally less energy wasteful than two other widely used alternatives: 

no control and bypass control. Throttles can, therefore, represent a means to save pump energy, 

although this is not the optimum choice.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 
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C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

All cases. 

The applicability of particular measures, and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, al though they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Design of pipework system  

BAT is to optimise pumping systems . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The pipework system determines the choice of the pump performance. Indeed, i ts characteristics 

have to be combined with those of the pumps to obtain the required performance of t he pumping 

installation.  

The energy consumption directly connected to the piping system is the consequence of the 

friction loss on the liquid being moved, in pipes, valves, and other equipment in the system. 

This loss is proportional to the square of the flowrate. Friction loss can be minimised by means 

such as: 

Å avoiding the use of too many valves, 

Å avoiding the use of too many bends (especially tight bends) in the piping system , 

Å ensuring the pipework diameter is not too small. 
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A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy. 

Some studies have shown that 30 to 50% of the energy consumed by pumping systems could be 

saved through equipment or control system c hanges. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

The applicability of particular measures and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i on  

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Match the correct choice of pump to the correct motor for the duty  

BAT is to optimise pumping systems.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Note that it is important to match the right pump for the task to the correct size of motor for the 

pumping requirements (pumping duty).  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy 

Some studies have shown that 30 to 50% of the energy consumed by pumping systems could be 

saved through equip ment or control system changes. 
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C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

For new pumps: all cases. 

For existing pumps: lifetime cost benefit . 

The applicability of particular measures, and the extent of cost savings depend upon the size and 

specific nature of t he installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Regular maintenance  

BAT is to optimise pumping systems.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Excessive pump maintenance can indicate: 

Å pumps are cavitating, 

Å badly worn pumps, 

Å pumps that are not suitable for the operation. 

Pumps throttled at a constant head and flow indicate excess capacity. The pressure drop across a 

control valve represents wasted energy, which is proportional to the pressure drop and flow.  

Where unplanned maintenance becomes excessive, check for: 

Å cavitation 

Å wear 

Å wrong type of pump 
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A noisy pump generally indicates cavitation from heavy throttlin g or excess flow. Noisy control 

valves or bypass valves usually mean a high pressure drop with a correspondingly high energy loss.  

Pump performance and efficiency deteriorates over time. Pump capacity and efficiency are 

reduced as internal leakage increases due to excessive clearances between worn pump components: 

backplate; impeller; throat bushings; rings; sleeve bearings. A monitoring test can detect this condition 

and help size a smaller impeller, either new, or by machining the initial one, to achieve a huge 

reduction in energy. Internal clearances should be restored if performance changes significantly. 

Applying coatings to the pump, will reduce friction losses.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

All cases. Repair or replace as necessary. 

The applicability of particular measures, and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provi der or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Shut down unnecessary pumps  

BAT is to optimise pumping systems.  
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B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A pump application might need to cover several duty points, of which the largest flow and/or 

head will determine the rated duty for the pump. A control and regulation system is important in a 

pumping system so as to optimise the duty working conditions for the head pressure and the flow. It 

provides:  

Å process control 

Å better system reliability 

Å energy savings. 

For any pump with large flow or pressure variations, when normal flow s or pressures are less 

than 75% of their maximum, energy is probably being wasted from excessive throttling, large 

bypassed flows (either from a control system or deadhead protection orifices), or operation of 

unnecessary pumps. 

The following control technique  may be used: 

Å shut down unnecessary pumps. This obvious but frequently overlooked measure can be carried 

out after a significant reduction in the plantõs use of water or other pumped fluid (hence the need to 

assess the whole system) 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e fi t s  

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

All cases. 

The applicability of particular measures, and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified p umping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 
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E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Use of multiple pumps (staged cut in)  

BAT is to optimise pumping systems.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A pump application might need to cover several duty points, of which the largest flow and/or 

head will determine the rated duty for the pump. A control and regulation system is important in a 

pumping system so as to optimise the duty working conditions for  the head pressure and the flow. It 

provides:  

Å process control 

Å better system reliability 

Å energy savings. 

For any pump with large flow or pressure variations, when normal flows or pressures are less 

than 75% of their maximum, energy is probably being wasted from excessive throttling, large 

bypassed flows (either from a control system or deadhead protection orifices), or operation of 

unnecessary pumps. 

The following control technique  may be used: 

Å multiple pumps offer an alternative to variable speed, by pass, or throttle control. The savings 

result because one or more pumps can be shut down when the flow of the system is low, while the 

other pumps operate at high efficiency. Multiple small pumps should be considered when the 

pumping load is less than half the maximum single capacity. In multiple pum ping systems, energy is 

commonly lost from bypassing excess capacity, running unne cessary pum ps, maintaining excess 

pressure, or having a large flow increment between pumps  

 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i ts 

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

When the pumping flow is less than half the maximum single capacity. 

The applicability of particular measures, and the extent of cost savings depend upon the size and 

specific nature of the installation  and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 
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The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individu al components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

Variable speed drives (VSDs)  

BAT is to optimise pumping systems by using variable speed drivers (VSDc).  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A pump application might need to cover several duty points, of which the largest flow and/or 

head will determine the rated duty for the pump. A control and regulation system is important in a 

pumping system so as to optimise the duty working conditions for the head pressure and the flow. It 

provides:  

Å process control 

Å better system reliability  

Å energy savings. 

For any pump with large flow or pressure variations, when normal flows or pressures are less 

than 75% of their maximum, energy is probably being wasted from excessive throttling, large 

bypassed flows (either from a control system or deadhead protection orifices), or operation of 

unnecessary pumps. 

The following control techniqu e may be used: 

Å variable speed drives (on the electric motor) yield the maximum savings in matching pump 

output to varying system requirement s, but they do have a higher investment cost compared to the 

other methods of capacity control. They are not applicable in all situations, e.g. where loads are 

constant. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy. Some studies have shown that 30 to 50% of the energy consumed by pumping 

systems could be saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 
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Electric motors driving a variable load operating at less than 50% of capacity more than 20% of 

their  operating time, and operating for more than 2000 hours a year should be considered for 

equipping with variable speed drives.  

 

A p p l i c a b i l i t y  

The applicability of particular measures and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 

needs can determine which measures provide the correct cost-benefit. This could be done by a 

qualified pumping system service provider or by qualified in -house engineering staff. 

The assessment conclusions will identify the measures that are applicable to a system, and will 

include an estimate of the savings, the cost of the measure, as well as the payback time. 

 

E c o n o m i c s 

Pumping systems often have a lifespan of 15 to 20 years, so a consideration of lifetime costs 

against initial (purchase) costs are important. 

Pumps are typically purchased as individual components, although they provide a service only 

when operating as part of the system, so a consideration of the system is important to enable a proper 

assessment of the cost-benefit. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and cost savings. 

 

E x a m p l e  p l a n t s 
The optimisation techniques are widely used.  

 

 

2.3 Processes 

2.3.1 Compressed air systems (CAS) 

System design, installation or refurbishment  

1. BAT is to optimise compressed air systems (CAS) by: 

¶ overall system design, including multi -pressure systems, 

¶ upgrading of compressor, 

¶ reduction of  frictional pressure losses (for example by increasing pipe diameter), 

¶ usage of sophisticated control systems, 

¶ storage of compressed air near highly-fluctuating uses, 

¶ optimisation of  certain end use devices, 

¶ reduction of air leaks, 

¶ more frequent filter replacement , 

¶ optimis ation of  working pressure . 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency . 
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O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequentl y it is used. 

 

A p p l i c a b i l i t y  

New or significant upgrade . 

 
2. BAT is to optimise compressed air systems (CAS) by improving cooling, drying and filtering.  

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is  less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

This does not include more frequent filter replacement. 

 

3. BAT is to optimise compressed air systems (CAS) byimprovement of drives (high efficiency 

motors). 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

 

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

Most cost effective in small (<10 kW) systems. 

 

4. BAT is to optimise compressed air systems (CAS) byimprovement of drives (speed control) . 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  
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A p p l i c a b i l i t y  

Applicable to variable load systems. In multi -machine installations, only one machine should be 

fitted with a variable speed drive . 

 

5. BAT is to optimise compressed air systems (CAS) by recover waste heat for use in other 

functions . 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

Note that the gain is in terms of energy, not of electricity consumption, since electricity is  

converted to useful heat. 

 

6. BAT is to optimise compressed air systems (CAS) by usage of external cool air as intake. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

Where access exists. 

2.3.2 Cooling system 

Application of cooling water treatment  

Optimization of the application of oxidizing biocides in once -through systems is based on timing 

and frequency of biocide dosing. It is considered BAT to reduce the input of biocides by targeted 

dosing in combination with monitoring of the behavi or of macrofouling species (e.g. valve movement 

of mussels) and using the residence time of the cooling water in the system. 

For systems where different cooling streams are mixed in the outlet, pulse-alternating 

chlorination is BAT and can reduce even furt her free oxidant concentrations in the discharge. 

In general, discontinuous treatment of once-through systems is sufficient to prevent fouling.  

Depending on species and water temperature (above 10-12°C) continuous treatment at low levels 

may be necessary. 

For seawater, BAT-levels of free residual oxidant (FRO) in the discharge, associated with these 

practices, vary with applied dosage regime (continuous and discontinuous) and dosage concentration 
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level and with the cooling system configuration. They range f rom Ò 0.1 [mg/l] to 0.5 [mg/l], with a 

value of 0.2 [mg/l] as 24h -average. 

An important element in introducing a BAT -based approach to water treatment, in particular for 

recirculating systems using non-oxidizing biocides, is the making of informed decision s about what 

water treatment regime is applied, and how it should be controlled and monitored.  

Selection of an appropriate treatment regime is a complex exercise, which must take into account 

a number of local and site-specific factors, and relate these to the characteristics of the treatment 

additives themselves, and the quantities and combinations in which they are used.  

In order to assist the process of BAT decision making on cooling water additives at a local level, 

the BREF seeks to provide the local authorities responsible for issuing an IPPC permit with an outline 

for an assessment. 

The Biocidal Products Directive 98/8/EC regulates the placing of biocidal products on the 

European market and considers as a specific category the biocides used in cooling systems. The 

information exchange shows that in some Member States specific assessment regimes are in place for 

the application of cooling water additives.  

The discussion as part of the information exchange on industrial cooling systems resulted in two 

proposed concepts for cooling water additives, which can be used as a complementary tool by the 

permitting authorities:  

1. A screening assessment tool based on the existing concepts, which allows a simple 

relative comparison of cooling water additives in terms of their potential aquatic impact.  

2. A site specific assessment of the expected impact of biocides discharged in the receiving 

water, following the outcome of the Biocidal Products Directive and using the 

methodology to establish Environmental Quality Standa rds (EQSs) of the future Water 

Framework Directive as key elements. 

The Benchmarking Assessment can be seen as a method to compare the environmental impact of 

several alternative cooling water additives while the Local Assessment for Biocides provides a yard 

stick for the determination of a BAT compatible approach for biocides in particular (PEC/PNEC <1). 

The use of local assessment methodologies as a tool in controlling industrial emissions is already 

common practice. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Cooling  water is treated to promote an efficient transfer of heat and to protect the cooling system 

so as to overcome a number of adverse effects on the performance of the cooling equipment. In other 

words, cooling water treatment aims to reduce total energy consumption.  

The adverse effects are strongly related to the chemistry of the water taken in for cooling and the 

way the cooling system is operated (e.g. cycles of concentration). Salt water will have different 

demands from fresh water and industrial emissions  of polluted substances upstream may be a 

challenge. Also, cooling water can become contaminated by leakage of process fluids from heat 

exchangers or, in the case of wet open cooling towers, by the air passing through the tower 

introducing dust, micro -organisms and exchange of vapour. 

Cooling water additives are used for once-through systems, open wet cooling systems, closed 

circuit wet cooling and wet/dry systems. Where water is used as an intermediate coolant in the coil of 

dry systems, very low amounts o f additives may be used to condition the water in the closed loop.  

Environmentally, additives are important: they leave the cooling system at some stage, being 

discharged to surface water or, to a much lesser extent, into air. Generally, the chemistry and the 

application of the chemicals applied are known, but the choice of non -oxidizing biocides is mainly 

based on òtrial and erroró. The environmental effects of the chemicals used can be assessed by means 
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of modelling (risk/hazard) or by measurement. As the y are used to improve an efficient heat 

exchange, their application is also related to the adverse effects that arise from a lower exchange 

efficiency. The industrial process to be cooled can be affected when heat transfer is inefficient, causing 

an increase in the use of energy (i.e. similar to an increase in air emissions) or a higher demand on raw 

materials to compensate for the loss of production. 

Energy consumption of the cooling system can increase due to a higher demand on pumps and 

fans to compensate for loss of heat exchange efficiency. 

Problems arising from water quality that are commonly encountered are:  

¶ Corrosion of cooling water equipment, which may lead to leakage of heat exchangers and 

spills of process fluids into the environment or loss of v acuum in condensers; 

¶ Scaling, predominantly by precipitation of calcium carbonates, sulphates and phosphates, Zn 

and Mg; 

¶ (Bio-)Fouling of conduits and heat exchangers (also fill of wet cooling towers) by micro -, 

macro-organisms and suspended solids which can lead to blockage of the heat exchanger 

tubes by large particulate (shells) or to emissions to air from cooling towers.  

Cooling water problems are often interrelated. Scaling can lead to both corrosion and biofouling. 

Spots of corrosion lead to changed waterflow patterns and create turbulence areas, where biofouling is 

enhanced. Biofouling may enhance further corrosion of the underlying surface.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of direct energy consumption . 

 

O p e r a t i o n a l  d a t a 

The following groups  of chemicals are used to condition the water: 

¶ Corrosion inhibitors: formerly metals were mainly used, but there is a trend towards azoles, 

phosphonates, polyphosphates and polymers. This means that toxicity decreases while the 

persistency increases. Recently some better biodegradable polymers have been developed. 

¶ hardness stabilisers or scale inhibitors: formulas exist mainly of polyphosphates, 

phosphonates and certain polymers. Recent developments in this application are also towards 

better biodegradable compounds. 

¶ Dispersion chemicals: mostly copolymers, often in combination with surfactants. The main 

environmental effect is poor biodegradability.  

¶ Oxidising biocides: chlorine (or a combination of chlorine and bromine) and monochloramine 

are mainly used. Chlorine (bromine) is a strong oxidiser (acutely toxic), which means that the 

half-life is short, but the side effects of chlorinating are the forming of halogenated by -

products. Other oxidising biocides are ozone, UV, hydrogen peroxide or peracetic acid. The 

use of ozone and UV needs pre-treatment of the make-up water and needs special materials. 

The environmental effects are expected to be less harmful then halogenated biocides, but the 

application needs special care, is expensive and not applicable in all situations. 

¶ Non-oxidising biocides: isothiazolones, DBNPA, glutaraldehyde and quaternary ammonium 

compounds etc. These compounds are in general acutely toxic and often not readily 

biodegradable, although there are some which hydrolyse or are degraded by other 

mechanisms. The environmental effects are significant. 

The application of cooling water conditioning is a highly complex and local issue, where selection 

is based on a combination of the following elements: 

- design and material of heat exchanger equipment; 

- temperature and chemistry of the cooling water;  
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- organisms in the surface water that can be entrained; 

- sensitivity of the receiving aquatic ecosystem to emitted additive and its associated by-produkts  

For proper performance of any of the treatm ents, control of the cooling water pH and alkalinity 

within a specified range is usually required. Good pH and alkalinity control has become more 

important where more pH -sensitive treatment programmes are used or where higher cycles of 

concentration are applied in open recirculating cooling towers to minimise blowdown and reduce the 

water requirement. It is increasingly common practice in industry to have maintenance programmes 

developed and carried out by the additive supplier, but the responsibility for s ystems operation 

remains with the owner of the cooling system.  

 

E x a m p l e  p l a n t s 
Plants using cooling system. 

 

Cooling and evaporation  

Usage of closed refrigerated cooling system, for new or replacement cooling systems. 

 
B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Evaporation is widely used to remove excessive energy from vats by evaporating water from the 

process solution and maintaining the process temperature at the desired level. It can be optimised by 

using an air agitation, an evaporation system or evaporator,  and may be used with cascade rinsing 

systems to conserve materials, minimise discharges, and can assist with closing loops for materials. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Evaporation combines process cooling with drag -out recovery and usually forms part o f any 

closed loop or zero discharge systems. 

 

C r o s s- m e d i a  e f f e c t s 

May require higher process bath temperatures with increased energy use and/or for drag -out 

recovery. May require energy input into the evaporator  to evaporate sufficient water. Condensed 

water may be re-used. 

 

O p e r a t i o n a l  d a t a 

Normally run as an integrated system with countercurrent rinsing to maximise drag -out recovery 

and minimise process solution losses and therefore waste treatment. With sufficient countercurrent 

rinsing stages and/or add itional heating in the evaporator, loops can be closed for certain materials. 

For electrolytic processes, evaporators have less power input and costs are lower if the processing 

temperature is as high as necessary to remove any electrolytic energy input by natural evaporation 

from the solution surface.  

 

A p p l i c a b i l i t y  

Can be used with solutions running at ambient temperatures.  

 

E c o n o m i c s 

Each kWh removed by evaporation is equivalent to 1.4 litres of water which can be balanced by 

drag-out recovery containing  process chemicals and reduced rinse-water. 
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

If direct evaporation is used, then no capital investment is required.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Efficiency improvement of cooling systems  

Upgrading existing heat transfer technology. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Often a change of cooling technology for different reasons is not suitable. However, also a 

modification of the existing technology could lead to better efficiency, better performance, less 

emissions and lower operating costs. Development of air moving systems and heat transfer surfaces, 

as well as the application of more durable construction materials, are main reasons for replacement 

scenarios. 

As there is usually no change in process temperatures (same technology) the main focus in this 

scenario is to reduce operating resources and environmental impacts as well as to achieve an 

extension of equipmentõs life. Equipmentõs life extension of more than 10 years can be realised by the 

use of new durable materials. It is very likely that any equipment installed 15 or 20 years ago, can now 

be replaced by modern equipment with higher operating efficiency and better environm ental and 

economic performance. 

A typical example for improvement of once -through cooling systems is the application of the 

more efficient plate and frame heat exchangers. For evaporative cooling systems for example, major 

developments have taken place to improve the performance of fill packs and of air moving systems, 

resulting in a more compact design with higher energy efficiencies. For air-cooled systems, new 

technology to shape fins in various ways has achieved similar results. 

Often it is not necessary to replace the whole cooling system. The performance of existing cooling 

systems can also be improved by upgrading. Major components or accessories of the system are 

replaced or repaired, while the existing installation remains in situ. Upgrading can increase system 

efficiency and reduce the environmental impact.  

 

A c h i e v e d  e n v i r o nm e n t a l  b e n e f i t s 

Reduction of direct energy consumption . 

 

 

 

O p e r a t i o n a l  d a t a 

Examples of upgrading are new and more efficient fill packs of cooling towers and the 

application of sound -attenuation.  

Upgrading the operational strategy is another example of efficiency improvement. The on and of 

cycling of fans can be changed into modulating control with frequency converters. This can result in 

significant savings of electrical energy, which, depending on conditions, can be 70% and more. 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 
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Evaporation  

Prevention of over-cooling by optimising the process solution composition and working 

temperature range, monitor temperature of processes and control within these optimised process 

ranges. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Evaporation is widely used to remove excessive energy from vats by evaporating water from the 

process solution and maintaining the process temperature at the desired level. It can be optimised by 

using an air agitation, an evaporation system or evaporator,  and may be used with cascade rinsing 

systems to conserve materials, minimise discharges, and can assist with closing loops for materials. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Evaporation combines process cooling with drag -out recovery and usually forms part o f any 

closed loop or zero discharge systems. 

 

C r o s s- m e d i a  e f f e c t s 

May require higher process bath temperatures with increased energy use and/or for drag -out 

recovery. May require energy input into the evaporator  to evaporate sufficient water. Condensed 

water may be re-used. 

 

O p e r a t i o n a l  d a t a 

Normally run as an integrated system with countercurrent rinsing to maximise drag -out recovery 

and minimise process solution losses and therefore waste treatment. With sufficient countercurrent 

rinsing stages and/or additional heating in the evaporator, loops can be closed for certain materials. 

For electrolytic processes, evaporators have less power input and costs are lower if the processing 

temperature is as high as necessary to remove any electrolytic energy input by natural evaporation 

from the solution surface  

 

A p p l i c a b i l i t y  

Can be used with solutions running at ambient temperatures.  

 

E c o n o m i c s 

Each kWh removed by evaporation is equivalent to 1.4 litres of water which can be balanced by 

drag-out recovery containi ng process chemicals and reduced rinse-water. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

If direct evaporation is used, then no capital investment is required.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants, specifically use evaporators. 

 

Evaporation using surplus internal energy  

BAT is to remove excess energy from process solutions by evaporation 

¶ there is a need to reduce the solution volume for make-up chemicals, 

¶ evaporation can be combined with cascade and/or reduced water rinsing systems to 

minimize water and materials discharges from the process. 
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B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Evaporation is atmospheric and achieved here by using the surplus heat energy in the process 

generated because of the poor electrical efficiency of the solution. The amount of energy necessary for 

evaporating corresponds roughly to the energy which is rele ased in the process tank as heat energy 

thus the system is energetically self-sufficient. The rate of evaporation can be increased by using air 

agitation, or an evaporator. In this case, the process solution is pumped through the evaporator where 

it meets an air stream blown through the evaporator to the atmosphere. The evaporator chamber is 

usually filled with packing material to increase the water evaporation surface.  

Evaporation from the process can be due to: 

¶ an elevated processing temperature, such as >80°C for electroless nickel and >55°C for 

electrolytic n ickel and phosphating at >90 °C, 

¶ cooling of the process solution by evaporation to maintain a constant processing temperature, 

such as in cyanide zinc barrel plating at <25 °C, bright chromium at 40 °C and hard chromium 

at 60 °C. 

The evaporation of 1 litre of water requires approximately 1.4 kWh. The evaporation losses in 

operating parameters can be calculated as follows: 

Jig plating 

Å surface area of plating solution 6 m2 

Å water evaporation at 60 Á 5.5 litres/m2h  

Å water evaporation 33 litres/h. 

 

Barrel plating  

Å plating energy/barrel 2.5 kWh 

Å plating energy total 25 kWh 

Å water evaporation equivalent 35 litres/h. 

 

Equivalent quantities of rinse -water with diluted process solution can be added back into the 

process tank. The recovery rate is directly related to the concentration of process chemicals in rinse-

water, and this again depends on the chosen rinse technique. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Higher recovery of drag -out. Can be part of closing the loop for specific process steps. 

 

C r o s s- m e d i a  e f f e c t s 

Reduction in the need for cooling systems. 

Possible aggressive fume formation at higher operating temperatures in some processes. 

Extraction of the vapours from the process is part of the evaporation. The extracted air may need 

scrubbing. Scrubbing liquors may be treated in a typical waste water treatment plant. Decomposition 

products are concentrated, so additional solution maintenance is required  

 

O p e r a t i o n a l  d a t a 

Evaporation is most readily used with process solutions working at elevated temperatures, in 

particular chromium electrolytes. In connection with multistage rinsing technology (in practice up to 

five rinsing stages), the procedure can be operated almost waste water free. Sufficient evaporation can 

occur at an ambient temperature. In hexavalent chromium plating, chromic acid dragged out from the 
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process bath into the rinses is virtually completely recovered to the solution. Minimum chromium 

acid losses are to be expected through the exhaust air and with the regeneration of the electrolytes. 

Evaporation can be increased by using air agitation and/or an evaporator to increase the surface 

area 

 

A p p l i c a b i l i t y  

All process solutions, particularly those with poor electrical efficiency wher e the process solution 

heats and is often cooled by evaporation. Hexavalent chromium electrolytes are particular ly suitable 

for this technique. May also be used with chemical solution s with a high heat of reaction. Regional 

weather patterns may also affect applicability.  

 

E c o n o m i c s 

Requires little or no capital installation.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Increasing drag -out recovery rate and closing the loop  

BAT is to install an evaporator system in preference to a cooling system where the energy balance 

calculation shows a lower energy requirement for forced evaporation than for additional cooling and 

the solution chemistry is stable. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Where the quantity of water needed for appropriate rinsing (to achieve process control and 

product quality) exceeds evaporation losses, and recovery rates>90 % are expected, the amount of 

water in the drag -out recovery system has to be decreased. This is achieved by a combination of 

techniques. 

In some cases, drag-out can be recovered until the loop can be closed for process chemicals by 

applying a suitable combination of techniques. Closing the loop refers to one process chemistry within 

a process line, not to entire lines or installations.  

Closed loop is not zero discharge: there may be small discharges from the treatment processes 

applied to the process solution and process water circuits (such as from ion exchange regeneration). It 

may not be possible to keep the loop closed during maintenance periods. 

Wastes and exhaust gases/vapours will also be produced. There are also likely to be discharges 

from other parts of the process line, such as rising after degreasing or etching. 

Increasing drag-out recovery can best be considered with other processes and activities, such as 

recycling and re-using water and an overall approach derived for the installation.  

Increasing drag-out recovery and closing the loop require techniques to:  

¶ reduce drag-out, 

¶ reduce rinse-water (such as by cascade rinsing and/or sprays) with drag -out recovery 

¶ concentrate the returning drag-out or receiving solutions, such as by ion exchange, membrane 

techniques, or evaporation. The water removed during concentration (such as from 

evaporation) can often be recycled back into the rinse. 

Examples of techniques for this purpose are, for example: 

¶ addition of an eco rinse tank, 

¶ evaporation using surplus internal energy , 
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¶ evaporation using additional energy (and in some cases, low pressure), 

¶ electrodialysis, 

¶ reverse osmosis. 

It is BAT to conserve process materials by returning the rinse -water from the first rinse to the 

process solution. This can be achieved by a combination of the techniques such as: cascade rinsing, ion 

exchange, membrane techniques, evaporation. 

Closed loop is not zero discharge: there may be small discharges from the treatment processes 

applied to the process solution and process water circuits (such as from ion exchange regeneration). It 

may not be possible to keep the loop closed during maintenance periods. 

Wastes and exhaust gases/vapours will also be produced. There may also be discharges from 

other parts of the process line. 

Closing the loop achieves a high raw material utilisation rate and in particular can:  

¶ reduce the use (and therefore cost) of raw materials and water, 

¶ as a point-source treatment technique, achieve low emission limit values, 

¶ reduce the need for end-of-pipe waste water treatment (e.g. removing nickel from contact 

with effluent containing cyanide) , 

¶ reduce overall energy usage when used in conjunction with evaporatio n to replace cooling 

systems, 

¶ reduce the use of chemicals for treating the recovered materials that would otherwise be 

discharged in the waste water, 

¶ reduce the loss of conservative materials such as PFOS where used. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Closing the loop achieves a high raw material utilisation rate and in particular can:  

¶ reduce the use (and therefore cost) of raw materials and water, 

¶ as a point-source treatment technique, achieve low emission limit values, 

¶ reduce the need for end-of-pipe waste water treatment (e.g. removing nickel from contact 

with effluent containing cyanide) , 

¶ reduce overall energy usage when used in conjunction with evaporation to replace cooling 

systems, 

¶ reduce the use of chemicals for treating the recovered materials that would otherwise be 

discharged in the waste water, 

¶ reduce the loss of conservative materials such as PFOS where used. 

 

C r o s s- m e d i a  e f f e c t s 

Energy is used for concentration techniques, although this is less for processes that gain heat 

from the electrochemical reactions, such as hexavalent Cr(VI). Energy is also used for pumping and 

pressure filtration techniques.  

 

 

 

O p e r a t i o n a l  d a t a 

It is good practice to consider increased drag-out recovery with other options for the whole 

installation. These can include combining compatible streams from different processes for 

purification/recovery.  

 

A p p l i c a b i l i t y  
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Increasing drag-out recovery is widely practised. Some techniques require additional energy, 

which means cost, which may be offset by savings in cooling energy and drag-out recovery. The 

chemical content of the rinse-water to be processed also affects the appropriate choice. 

Closing the loop has been successfully achieved on some substrates for: 

¶ precious metals, 

¶ cadmium , 

¶ barrel nickel plating , 

¶ copper, nickel and hexavalent chromium for decorative rack plating , 

¶ hexavalent decorative chromium , 

¶ hexavalent hard chromium , 

¶ etching copper from PCBs. 

The type of system installed will depend on the existing infrastructure, and plant as well as the 

process type. 

 

E c o n o m i c s 

Capital and running costs of the techniques may be offset by increased recovery of process 

chemicals, which can be >95%. Also, these techniques can reduce running costs and/or investment in 

a waste water treatment plant. Extra steps cause a loss in process line capacity (an increase in the 

number of cycles). 

Planning calculations can be assisted by software tools. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Reduced costs. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Modulation of air and water flow  

Low direct energy consumption by the cooling system is achieved by reducing resistance to 

water and/or air in the cooling system, by applying low energy equipment. Where the process to be 

cooled demands variable operation, modulation of air and water flow  has been successfully applied 

and can be considered BAT. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of direct energy consumption . 

 

O p e r a t i o n a l  d a t a 

Identify required cooling range . 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 

 

Optimization of internal/external heat reuse  

Reduction of the level of heat discharge by optimization of internal/external heat reuse . 
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B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A preventive approach should start with the industrial process requiring heat dissipation and 

aim to reduce the need for heat discharge in the first place. In fact, discharge of heat is wasting energy 

and as such not BAT. Reuse of heat within the process should always be a first step in the evaluation 

of cooling needs. Process-integrated energy measures are outside the scope of this document, but 

reference is made to other BAT Reference Documents drafted in the framework of IPPC describing 

options for energy measures. 

In a greenfield situation, assessment of the required heat capacity can only be BAT if it is the 

outcome of maximum use of the internal and external available and applicable options for reuse of 

excess heat. 

In an existing installation, optimizing internal and external reuse and reducing the amount and 

level of heat to be discharged must also precede any change to the potential capacity of the applied 

cooling system. Increasing the efficiency of an existing cooling system by improving systems 

operation must be evaluated against an increase of efficiency by technological measures through 

retrofit or te chnological change. In general and for large existing cooling systems, the improvement of 

the systems operation is considered to be more cost effective than the application of new or improved 

technology and can therefore be regarded as BAT. 

 

A c h i e v e d  e n v i ro n m e n t a l  b e n e f i t s 

Reduction of the level of heat discharge. 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 

 

Reduction of water consumption and reduction of heat emissions to water  

Recirculation of cooling water, using an open or closed recirculating wet system. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The reduction of water consumption and the reduction of heat emissions to water are closely 

linked and the same technological options apply.  

The amount of water needed for cooling is linked to the amount of heat to be d issipated. The 

higher the level of reuse of cooling water, the lower the amounts of cooling water needed.  

Recirculation of cooling water, using an open or closed recirculating wet system, is BAT where 

the availability of water is low or unreliable.  

In recirculating systems an increase of the number of cycles can be BAT, but demands on cooling 

water treatment may be a limiting factor.  

It is BAT to apply drift eliminators to reduce drift to less than 0.01% of the total recirculating 

flow.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of direct energy consumption . 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 
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Use of a once-through systems  

To achieve a high overall energy efficiency when handling large amounts of low level heat (10 -

25oC) it is BAT to cool by open once-through systems. In a greenfield situation this may justify 

selection of a (coastal) site with reliable large amounts of cooling water available and with surface 

water with sufficient capacity to receive large amounts of discharged cooling wa ter. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The site-imposed limits apply particularly to new installations, where a cooling system must still 

be selected. If the required heat discharge capacity is known it may influence the selection of an 

appropriate site. For temperature-sensitive processes it is BAT to select the site with the required 

availability of cooling water.  

In terms of the overall energy efficiency of an installation, the use of a once-through systems is 

BAT, in particular for processes requiring large cooling capacities (e.g. > 10 MWth). In the case of 

rivers and/or estuaries once -through can be acceptable if also: 

¶ extension of heat plume in the surface water leaves passage for fish migration; 

¶ cooling water intake is designed aiming at reduced fish entrainment;  

¶ heat load does not interfere with other users of receiving surface water. 

For power stations, if once-through is not possible, natural draught wet cooling towers are most 

energy-efficient than other cooling configurations, but application can be restricted because of the 

visual impact of their overall height.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduction of direct energy consumption . 

 

O p e r a t i o n a l  d a t a 

Select site for once-through option for large cooling capacity . 

 

E x a m p l e  p l a n t s 
Plants using cooling system. 

 

2.3.3 Design, operating and control  

Use of a once-through systems  

On-line monitoring of the current and voltage of electrolytic processes.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Process control techniques that are designed to measure and maintain optimum parameters such 

as temperature, pressure, gas components and other critical process parameters etc are considered to 

be BAT. 

The use of feed weighing and metering systems, the use of microprocessors to control material 

feed-rate, critical process and combustion conditions and gas additions allow process operation to be 

optimised. Several parameters can be measured to allow this and alarms provided for critical 

parameters, which include on -line monitoring of the current and voltage of electrolytic pr ocesses. 

Operators, engineers and others should be continuously trained and assessed in the use of 

operating instructions, the use of the modern control techniques and the significance of alarms and the 

actions to be taken when alarms are given. 
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Optimisati on of levels of supervision to take advantage of the above and to maintain operator 

responsibility.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy saving. 

 

E x a m p l e  p l a n t s 
Non Ferrous Metals Industries . 

 

2.3.4 Drying, separation and concentration processes  

Drying using air knives  

It is BAT to prevent the loss of metals and other raw materials together. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Air knives can be used to remove excess oil and grease from parts. They are low pressure, high 

volume systems where air is emitted through precision slits, giving a laminar air curtain, through 

which components can be passed, either manually or on a conveyor belt. The air heats up due to 

compression and movement in the system, and this warms oils and greases, assisting their removal. 

Both the laminar air movement and the temperature also facilitate drying of components.  

There is a growing use of localised air drying by means of precision nozzles or ôair knivesõ that is 

more energy efficient than hot air tank drying.  

 

A c h i e v e d  e n v i r o n m en t a l  b e n e f i t s 

Energy saving. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

2.3.5 Electric motor driven sub-systems 

Lubrication, adjustments, tuning  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

¶ prioritising the remaining mo tors running more than 2000 hrs per yearfor replacement 

with EEMs,  

¶ electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20% of their operating time, and operating for more than 

2000 hours a year should be considered for equipping with variable speed drives.  
 
B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Lubrication, adjustments, tuning.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant energy savings measures which might be applicable to a motor driven sub-

system are 1-5%. Although the values are typical, the applicability of the measures will depend on the 

specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 

 

A p p l i c a b i l i t y  

All cases. 

Electric motor drives exist in practically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a risk of using 

more energy, rather than savings. It is necessary to treat new drive application designs from parts 

replacement in existing applications. Thea ssessment conclusions will identify the measures which are 

applicable to a system, and will include an estimate of the savings, the cost of the measure, as well as 

the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of  standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

¶ when a HVAC system is working under full load conditions, the replacement of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm , 

¶ if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings, 

¶ if the application has to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM , 

¶ if the application runs mainly  with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20% higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 
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Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor 

Å costold = cost of rewinding the old motor 

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

¶ AC drives are often installed in order to improve the machine control , 

¶ other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval. 

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by se veral hundred thousand dollars (no date) , 

2. Heinz food processing factory (UK)  a new energy centre will be 14% more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

Motor repair (EEMR) or replacement with an EEM  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

¶ prioritising the remaining motors running more than 2000 hrs per yearfor replacement 

with EEMs,  

¶ electric motors driving a variable l oad operating at less than 50% of capacity more 

replacement with EEMs than 20% of their operating time, and operating for more than 

2000 hours a year should be considered for equipping with variable speed drives. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Motors above 5 kW can fail and are often repaired several times during their lifetime.  

Laboratory testing studies confirm that poor motor repair practices reduce motor efficiency of 

typically between 0.5 and 1%, and sometimes up to 4% or even more for old motors. 

To choose between repair and replacement, electricity cost/kWh, motor power, average load 

factors and the number of operating hours per year will all have to be taken into account. Proper 

attention must be given to the repair process and to the repair company, which should be recognised 

by the original manufacturer (an energy efficient motor repairer, EEMR).  

Typically, replacement of a failed motor through the purchase of a new EEM can be a good 

option in motors with a large number of operating hours. For example , in a facility with 4000 hours 
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per year of operation, an electricity cost of EUR 0.06/kWh, for motors of between 20 and 130 kW, 

replacement with an EEM will have a payback time of less than 3 years. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant  energy savings measures which might be applicable to a motor driven sub-

system are 0,5-2%. Although the values are typical, the applicability of the measures will depend on 

the specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 

 

A p p l i c a b i l i t y  

At time of repair.  

Electric motor drives exist in practically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a risk of us ing 

more energy, rather than savings. It is necessary to treat new drive application 

designs from parts replacement in existing applications. Thea ssessment conclusions will identify 

the measures which are applicable to a system, and will include an estimate of the savings, the cost of 

the measure, as well as the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

¶ when a HVAC system is working under full load conditions, the replace ment of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm, 

¶ if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings, 

¶ if the application has to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM , 

¶ if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20% higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to consider  the energy consumption and 

to minimise it as follows:  
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Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor 

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control , 

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date) , 

2. Heinz food processing factory (UK) a new energy centre will be 14 % more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

 

Optimisation of electric motors  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors runnin g more than 2000 hrs per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Electric motors are widely used in industry. Replacement by electrically efficient motors (EEMs) 

and variable speed drives (VSDs) is one of the easiest measures when considering energy efficiency. 

However, this should be done in the context of considering the whole system the motor sits in, 

otherwise there are risks of: 

¶ losing the potential benefits of optimising the use and size of the systems, and subsequently 

optimising t he motor drive requirements,  

¶ losing energy if a VSD is applied in the wrong context.  
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A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

A p p l i c a b i l i t y  

The key systems using electric motors are: 

Å compressed air, 

Å pumping,  

Å heating, ventilation and air  conditioning,  

Å cooling. 

 

Power quality control  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running more than 2000 hrs per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Public electrical power is supplied via high voltage grids where the voltage and current vary in 

sine wave cycles at 50 Hz (in Europe) in three phases at 120 ° intervals. The voltage is high to minimise 

current losses in transmission. Depending on the equipment used, the voltage is stepped down on 

entering the site, or close to specific equipment, usually to 440 V for industrial use, and 240 V for 

offices, etc. 

Various factors affect the delivery and the use of energy, including the r esistance in the delivery 

systems, and the effects some equipment and uses have on the supply. Stable voltages and 

undistorted waveforms are highly desirable in power systems.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant energy savings measures which might be applicable to a motor driven sub -

system are 0,5-3%. Although the values are typical, the applicability of the measures will depend on 

the specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 

 

A p p l i c a b i l i t y  

Lifetime cost benefit. 

Electric motor drives exist in practically all industrial plants, where electricity is available. 
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The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a risk of using 

more energy, rather than savings. It is necessary to treat new drive application designs from parts 

replacement in existing applications. Thea ssessment conclusions will identify the measures which are 

applicable to a system, and will include an estimate of t he savings, the cost of the measure, as well as 

the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in m ore 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

¶ when a HVAC system is working under full load conditions, the replacement of  an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not t o increase the final rpm, 

¶ if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings, 

¶ if the application has to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM , 

¶ if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor 

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

¶ AC drives are often installed in order to improve the machine control , 
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¶ other factors are important in the selection of motors: e.g. safety, quality and reliability, reactive 

power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date) , 

2. Heinz food processing factory (UK) a new energy centre will be 14% more efficient due to 

combustion air fans controlled by AC drives. The e nergy centre has four boilers and has 

replaced the existing boiler plant.  

Proper motor sizing  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in  the system according to the newly-determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running more than 200 0 hrs per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Electrical motors are very often oversized for the real load they have to run. Motors rarely 

operate at their full -load point. In the European Union, field tests indicate that, on a vera ge, motors 

operate at around 60% of their rated load. 

The maximum efficiency is obtained for the motors of between 60 to 100% full load. The 

induction motor efficiency typically peaks near 75 % full load and is relatively flat down t o the 50% 

load point. Un der 40% full load, an electrical motor does not work at optimised conditions and the 

efficiency falls very quickly. Motors in the larger size ranges can operate with reasonably high 

efficiencies at loads down to 30% of rated load. 

Proper sizing: 

Å improves energy efficiency, by allowing motors to operate at peak efficiency  

Å may reduce line losses due to low power factors 

Å may slightly reduce the operating speed, and thus power consumption, of fans and pumps.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant energy savings measures which might be applicable to a motor driven sub -

system are 1-3%. Although the values are typical, the applicability of the measures will depend on the 

specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmo nics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 
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A p p l i c a b i l i t y  

Lifetime cost benefit. 

Electric motor drives exist in practically all industrial plant s, where electricity is available. 

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a r isk of using 

more energy, rather than savings. It is necessary to treat new drive application 

designs from parts replacement in existing applications. Thea ssessment conclusions will identify 

the measures which are applicable to a system, and will include an estimate of the savings, the cost of 

the measure, as well as the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

Å when a HVAC system is working under full load conditions, th e replacement of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm , 

Å if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings, 

Å if the application has to start and stop frequently, the savings m ay be lost because of the 

higher starting current of the EEM , 

Å if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor 

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running. 
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control , 

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date)  

2. Heinz food processing factory (UK)  a new energy centre will be 14% more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

Rewinding  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running mo re than 2000 hrs per year for replacement 

with EEMs , 

ii. electric motors driving a variable  load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Rewinding a motor is idely carried out in industry. It is cheaper and may be quicker than buying 

a new motor. However, rewinding a motor can permanently reduce its efficiency b y more than 1 %. 

Proper attention must be given to the repair process and to the repair company, which should be 

recognised by t he original manufacturer (an energy e fficient motor repairer, EEMR). The extra cost of 

a new motor can be quickly compensated by its better energy efficiency, so rewinding may not be 

economic when considering the life -time cost. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production.  

 

A p p l i c a b i l i t y  

At time of repair.  

Electric motor drives exist in practically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system servic e provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a risk of using 

more energy, rather than savings. It is necessary to treat new drive application 
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designs from parts replacement in existing applications. Thea ssessment conclusions will identify 

the measures which are applicable to a system, and will include an estimate of the savings, the cost of 

the measure, as well as the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following exa mples show cases where using an EEM is not the optimum solution: 

Å when a HVAC system is working under full load conditions, the replacement of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm  

Å if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings, 

Å if the application has to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM  

Å if the application runs mainly with a partial load (e.g. pumps) but for  long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x k W x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor  

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running.  

 

D r i v i n g  f o r c e  f o r  i m p le m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control  

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date)  
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2. Heinz food processing factory (UK)  a new energy centre will be 14% more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

 

Transmission losses  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in the system according to the newly -determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non -

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running more than 2000 hrs per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Transmission equipment including shafts, belts, chains, and gears should be properly installed 

and maintained. The transmission system from the motor to the load is a source of losses. These losses 

can vary significantly, from 0 to 45 %. When possible, use synchronous belts in place of V-belts. 

Cogged V-belts are more efficient than conventional V -belts. Helical gears are much more efficient 

than worm gears. Direct coupling has to be the best possible option (where technically feasible), and 

V-belts avoided. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant energy savings measures which might be applicable to a motor driven sub-

system are 2-10%. Although the values are typical, the applicability of the measures will depend on 

the specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 

 

A p p l i c a b i l i t y  

Lifetime cost benefit. 

Electric motor drives exist in practically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSDs and EEMs, where there is a risk of us ing 

more energy, rather than savings. It is necessary to treat new drive application 

designs from parts replacement in existing applications. Thea ssessment conclusions will identify 

the measures which are applicable to a system, and will include an estimate of the savings, the cost of 

the measure, as well as the payback time. 
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For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

Å when a HVAC system is working under full load conditions, the replace ment of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm  

Å if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings  

Å if the application has to start and stop frequently, the savings may be lost  because of the 

higher starting current of the EEM  

Å if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

 

E c o n o m i c s 

The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a motor, it is really important to conside r the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor  

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control  

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date)  
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2. Heinz food processing factory (UK)  a new energy centre will be 14% more efficient due to 

combustion air fans controlled by AC drives. The energy cent re has four boilers and has 

replaced the existing boiler plant . 

 

Using energy efficient motors (EEM)  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the moto r(s) in the system according to the newly-determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running more than 2000 hrs per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Energy efficient m otors (EEMs) and high efficiency motors (H EMs) offer greater energy 

efficiency. The additional initial purchase cost may be 20 - 30 % or higher for motors of greater than 20 

kW, and may be 50 - 100 % higher for motors under 15 kW, depending on the energy savings category 

(and therefore the amount of additional steel and copper use) etc. However, energy savings of 2 - 8 % 

can be achieved for motors of 1 - 15 kW. 

As the reduced losses result in a lower temperature rise in the motor, the lifetime of the motor 

winding insulation, and of the bearings, increases. Therefore, in many cases: 

Å reliability increases 

Å downtime and maintenance costs are reduced 

Å tolerance to thermal stresses increases 

Å ability to handle overload conditions improves  

Å resistance t o abnormal operating c onditions  under and overvoltage, phase unbalance, 

poorer voltage and current wave shapes (e.g. harmonics), etc. ð improves  

Å power factor improves  

Å noise is reduced. 

A European-wide agreement between the European Committee of Manufacturers of Electrical 

Machines and Power  lectronics (CEMEP) and the  uropean Commission ensures that the efficiency 

levels of most electric motors manufactured in Europe ar e clearly displayed. The European motor 

classification scheme is applicable to motors < 100 k W and basically establishes three efficiency 

classes, giving motor manufacturers an incentive to introduce higher efficiency models:  

Å EFF1 (high efficiency motors) 

Å EFF2 (standard efficiency motors) 

Å EFF3 (poor efficiency motors). 

These efficiency levels apply to 2 and 4 pole three phase AC squirrel cage induction motors, rated 

for 400 V, 50 Hz, with S1 duty class, with an output of 1.1 to 90 kW, which account for the largest sales 

volume on the market.  
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The Eco Design (EuP) Directive is likely to eliminate motors in class EFF 3 and EFF 2 by 2011. The 

International Electrotechnical Comission (IEC) is, at the time of writing, working on the introduction 

of a new international classification scheme, where the EFF2 and EFF# motors are together at the 

bottom, and above EFF1 there will be a new premium class. 

An a ppropriate motor choice can be greatly aided through the use of adequate computer 

software, such as Motor Master Plus29 and EuroDEEM30 proposed by the EU-SAVE PROMOT 

project. 

Appropriate motor solutions may be selected by using the EuroDEEM database31, which collates 

the efficiency of more than 3500 types of motors from 24 manufacturers. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Potentially significant energy savings measures which might be applicable to a motor driven sub -

system are 2-8%. Although the valuesare typical, the applicability of the measures will depend on the 

specific characteristics of the installation.  

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production. 

 

A p p l i c a b i l i t y  

Lifetime cost benefit. 

Electric motor drives exist i n practically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for  VSDs and EEMs, where there is a risk of using 

more energy, rather than savings. It is necessary to treat new drive application designs from parts 

replacement in existing applications. Thea ssessment conclusions will identify the measures which are 

applicable to a system, and will include an estimate of the savings, the cost of the measure, as well as 

the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

Å when a HVAC system is work ing under full load conditions, the replacement of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm  

Å if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a signif icant effect on energy savings  

Å if the application has to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM  

Å if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will increase the energy savings. 

 

E c o n o m i c s 
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The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or repairing a  motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 

Calculating the payback for thi s energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor  

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control  

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date)  

2. Heinz food processing factory (UK)  a new energy centre will be 14 % more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

 

B e s t  p r a c t i c e s 
ELECTRIC MOTOR AND PUMP  

Description  

An electric motor is used to operate a pump that provides cooling water for a cooling system. The 

combination of motor and pump is regarded here as one sub-system. 

The output value of this sub -system is the hydraulic power in the form of cooling water flow and 

pressure. Due to the low efficiency of the pump, the ou tput value is limited to 45 kW.  

The old pump is replaced by a new one, thereby increasing the pump efficiency from 50 to 80%. 

The efficiency of the new sub-system is much higher than the previous one. The hydraulic power has 

increased from 45 to 67 kW. The increase in energy efficiency can be shown as: 

EEF = efficiency/reference efficiency = 75/47 = 1.60 (i.e. 60 % improvement in energy efficiency) 

 

NEW ELECTRIC MOTOR AND NEW PUMP WITH CONSTANT OUTPUT VALUE  

Description  
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The cooling system worked satisfactorily even at a hydraulic power of 45 kW.  The benefit of an 

increase of the hydraulic power by 50 % to 67 k W is not clear, and the pumping losses may now have 

been transferred to a control valve and the piping system. This was not the intended aim of replacing 

the components by more energy efficient alternatives. 

A comprehensive study of the cooling system may have shown that a hydraulic power of 45 kW 

was sufficient, and in this case, the shaft power can be estimated at 45/0.8 = 56 kW. The electric power 

needed to drive the motor would then be a bout 56/0.937 = 60 kW. 

In this case, the power input was 40 kW lower than before. The efficiency remains at 75%, but the 

power consumption from System 1 (old motor and, presuma bly, old pump) is reduced by 40 %, and 

from System 2 (new motor, new pump) reduced by 33 %. 

The assessment could have investigated whether it was possible to reduce the size of both the 

motor and the pump without harmful effects on the cooling, or to reduce the required hydraulic 

power to, e.g. 20 k W. This may have reduced the capital shown an energy efficiency improvement.  

 

Variable speed drives  

BAT is to optimise electric motors in the following order:  

1. optimise the entire system the motor(s) is part of (e.g. cooling system), 

2. then optimise the motor(s) in the system according to the newly-determined load 

requirements, 

3. when the energy-using systems have been optimised, then optimise the remaining (non-

optimised) motors according to criteria such as: 

i. prioritising the remaining motors running more than 2000 hrs  per year for replacement 

with EEMs,  

ii. electric motors driving a variable load operating at less than 50% of capacity more 

replacement with EEMs than 20 % of their operating time, and operating for more than 2000 

hours a year should be considered for equipping with variable speed drives.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The adjustment of the motor speed through the use of variable speed drives (VSDs) can lead to 

significant energy sav ings associated to better process  control, less wear in the  echanical equipment 

and less acoustical noise. When loads vary, VSDs can reduce electrical energy consumption 

particularly in centrifugal pumps, compressors and fan applications typically  in the range of 4 -50%. 

Materials processing applications like centrifugal machines, mills and machine tools, as well as 

materials handling applications such as winders, conveyors and elevators, can also benefit both in 

terms of energy consumption and overall performance through the use of VSDs.  

The use of VSDs can also lead to other benefits including: 

Å extending the useful operating range of the driven equipment  

Å isolating motors from the line, which can reduce motor stress and inefficiency  

Å accurately synchronising multiple motors  

Å improving the speed and reliability of response to changing operating conditions.  

VSDs are not applicable for all applications, in particular where the load is constant (e.g. fluid 

bed air input fans, oxidation air compressors, etc.), as the VSD will lose 3 - 4% of the energy input 

(rectifying and adjusting the current phase).  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 
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Potentially significant energy savings measures which might be applicable to  a motor driven sub -

system are 4-50%. Although the values are typical, the applicability  of the measures will depend on 

the specific characteristics of the installation. 

 

O p e r a t i o n a l  d a t a 

Harmonics caused by speed controllers, etc. cause losses in motors and transformers. An EEM 

takes more natural resources (copper and steel) for its production.  

 

A p p l i c a b i l i t y  

Use of VSDs may be limited by security and safety requirements. 

According to load. Note in multi -machine systems with variable load systems (e.g. CAS) it may 

be optimal to use only one VSD motor. 

Electric motor drives exist in pr actically all industrial plants, where electricity is available.  

The applicability of particular measures, and the extent to which they might save money, depend 

upon the size and specific nature of the installation. An assessment of the needs of the entire 

installation and of the system within it can determine which measures are both applicable and 

profitable. This should be done by a qualified drive system service provider or by qualified in -house 

engineering staff. In particular, this is important for VSD s and EEMs, where there is a risk of using 

more energy, rather than savings. It is necessary to treat new drive application 

designs from parts replacement in existing applications. Thea ssessment conclusions will identify 

the measures which are applicable to a system, and will include an estimate of the savings, the cost of 

the measure, as well as the payback time. 

For instance, EEMs include more material (copper and steel) than motors of a lower efficiency. 

As a result, an EEM has a higher efficiency but also a lower slip frequency (which results in more 

rpm) and a higher starting current from the power supply than a motor of standard efficiency. The 

following examples show cases where using an EEM is not the optimum solution:  

Å when a HVAC system is working  under full load conditions, the replacement of an EEM 

increases the speed of the ventilators (because of the lower slip) and subsequently increases 

the torque load. Using an EEM in his case brings about higher energy consumption than by 

using a motor of standard efficiency. The design should aim not to increase the final rpm  

Å if the application runs less than 1000 - 2000 hours per year (intermittent drives), the EEM may 

not produce a significant effect on energy savings (see Economics) 

Å if the application ha s to start and stop frequently, the savings may be lost because of the 

higher starting current of the EEM  

Å if the application runs mainly with a partial load (e.g. pumps) but for long running times, the 

savings by using EEM are negligible and a VSD will inc rease the energy savings. 

 

E c o n o m i c s 

The price of an EEM motor is about 20 % higher than that of a convetional one. Over its lifetime, 

approximate costs associated with operating a motor are: 

- Energy 96% 

- Maintenance 1,5% 

- Investment 2,5% 

When buying or  repairing a motor, it is really important to consider the energy consumption and 

to minimise it as follows:  

Å payback period can be as short as 1 year or less with AC drives 

Å high efficiency motors need a longer payback on energy savings. 
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Calculating the payback for this energy efficient technique, e .g. buying a higher efficiency motor 

compared to rewinding a failed standard motor:  

Payback (in years) = (Cost HEM - Cost old)/[H x kW x Cost electricitye x (1/N rewinded - 1/ N 

HEM)  

where: 

Å costHEM = cost of the new high efficiency motor  

Å costold = cost of rewinding the old motor  

Å costelectricity = cost of electricity 

Å kW = average power drawn by motor when running.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å AC drives are often installed in order to improve the machine control  

Å other factors are important in the selection of motors: e.g. safety, quality and reliability, 

reactive power, maintenance interval.  

 

E x a m p l e  p l a n t s 
1. LKAB (Sweden)  this mining company consumes 1700 gigawatt hours of electricity a year, 90 

per cent of which is used to power 15 000 motors. By switching to high efficiency motors, 

LKAB cuts its annual energy bill by several hundred thousand dollars (no date) , 

2. Heinz food processing factory (UK)  a new energy centre will be 14 % more efficient due to 

combustion air fans controlled by AC drives. The energy centre has four boilers and has 

replaced the existing boiler plant.  

 

2.3.6 Electrical power supply  

DC supply  

It is BAT to reduce electricity consumption by : 

¶ reduction  the voltage drop between conductors and connectors by minimising the distance 

between the rectifiers and anodes (and conductor rolls in coil coating). The installation of the 

rectifiers in direct proximity of the anodes is not always realisable or may sub ject the rectifiers 

to sever corrosion and/or maintenance. Alternatively, bus bars with larger cross -sectional 

area can be used, 

¶ keeping the bus bars short, with sufficient cross-sectional area, and keep cool, using water 

cooling where air cooling is insuf ficient , 

¶ regularly maintain ing rectifiers and contacts (bus bars) in the electrical system, 

¶ install ing modern electronically -controlled rectifiers with a better conversion factor than older 

types, 

¶ increasing of conductivity of process solutions through add itives and by maintenance of 

solutions. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Energy savings can be attained through: 

Å reduction of voltage drop in conductors and connectors  

Å regular maintenance of rectifiers and contacts (bus bars) in the electrical supply system 

Å installation of modern rectifiers having a better conversion factor than older types, when run 

at maximum power  
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Å increasing conductivity of process solutions through additives, e. g. sulphuric acid in acid 

copper baths, and by maintenance of solutions, such as lowering the iron and the trivalent 

chromium content in hard chromium baths  

Å modified wave forms (e.g. pulse, reverse) which may improve metal deposits. This is widely 

used in PCB plating 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

In total, an energy saving in DC supply of 10 ð 20% may be expected. 

 

C r o s s- m e d i a  e f f e c t s 

Higher concentrations in solutions means higher drag -out of materials. 

 

E c o n o m i c s 

Lower power consumption and therefore lower costs.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Cost savings associated with saving 10 ð 20% of DC supply.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Energy efficient equipment  

It is BAT to reduce electricity consumption by install modern electronically -controlled rectifiers 

with a better conversion factor than older types . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

It is good practice to install energy efficient equipment, such as energy efficient motors.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Power saving. 

Reduction in energy consumption on the line.  

 

C r o s s- m e d i a  e f f e c t s 

None. 

 

A p p l i c a b i l i t y  

Depending on the size of the unit and energy consumption, the use of energy efficient motors is 

good practice for large applications. They can be specified for new installations, for the replacement 

for defective motors or for cost savings. 

Can be used in new plant or as replacement parts. 

 

E c o n o m i c s 

For large scale applications. 

The initial investment is mediu m: EUR 0.015 ð 0.8/t installed. Operating costs are low EUR 0.001 

to 0.15/t.  
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Cost saving. Process efficiency. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. Many continuous electroplating lines.  

 

Energy efficient motors -power factor correction  

BAT is to increase the power factor according to the requirements of the local electricity 

distributor.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Many electrical devices have inductive loads. These all require both active electrical power and 

reactive electrical power. The active electrical power is converted into useful mechanical power, while 

the reactive electrical power is used to maintain the deviceõs magnetic fields. This reactive electrical 

power is transferred periodically in both directions between the generator and the load (at the same 

frequency as the supply). Capacitor banks and buried cables also take reactive energy. 

Vector addition of the real (active) electrical power and the reactive electrical power gives the 

apparent power. Power generation utilities and network operators must make this apparent power a 

vailable and transmit it. This  means that generators, transformers, power lines, switchgear, et c. must 

be sized for greater power ratings than if the load only drew active electrical power.  

Power supply utilities (both on -site and off-site) are faced with extra expenditure for equipment 

and additional power losses. External suppliers, therefore, make additional charges for reactive power 

if this exceeds a certain threshold. Usually, a certain target power factor of cos  of between 1.0 and 

0.9 (lagging) is specified, at which point the reactive energy requirement is significantly reduced.  

(Electrical) power factor = Real power/Apparent power  

For example, using the power triangle, if:  

real power = 100 kW and apparent power = 142 kVAr, then the power factor = 100/142 = 0.70 

This indicates that only 70 % of the current provided by the electrical utility is being used to 

produce useful work.  

If the power factor is corrected, for example by installing a capacitor at the load, this totally or 

partially e liminates the reactive power draw at the powe r supply company. Power factor correction is 

at its most effective when it is physically near to the load and uses state-of-the-art technology. 

The power factor can change over time so needs to be checked periodically (depending on site 

and usage, and these checks can be anything from 3 to 10 years apart), as the type of equipment and 

the supplies listed (above) change over time. Also, as capacitors used to correct the power factor 

deteriorate with time, these also require periodic testing (most easily carr ied out by checking if the 

capacitors are getting warm in operation).  

Other measure to take is: 

Å to minimise operation of idling or lightly loaded motors  

Å to avoid operation of equipment above its rated voltage  

Å to replace standard motors as they burn out wit h energy efficient motors  

Å even with energy efficient motors, however, the power factor is significantly affected by 

variations in load. A motor must be operated near of a high power factor design.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy savings to both the supply side and the consumer. 
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Across the EU as a whole, it has been estimated that if a power correction factor for industry was 

applied, then 31 TWh power could be saved, although part of this potential has been exploited. This is 

calculated on the basis that the EU-25's total electricity consumption industry and service sector in 

2002 was 1788 TWh, from which industry used 65%). 

In an installation, it is estimated that if an operator with a power correction factor of 0.73 

corrected the factor to 0.95, they would save 0.6% of their power usage (0.73 is the estimated figure for 

industry and services). 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

An uncorrected power supply will cause power losses in an installationõs distribution system. 

Voltage drops may occur as power losses increase. Excessive drops can cause overheating and 

premature failure of motors and other inductive equipment.  

 

A p p l i c a b i l i t y  

At time of replacement.  

 

E c o n o m i c s 

External suppliers may make additional charges for excessive reactive electrical power if the 

correction factor in the installation is less than 0.95. 

The cost of power correction is low. Some new equipment (e.g. high efficiency motors) addresses 

power correction.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å power savings both inside the installation and in the external supply grid (where used)  

Å increase in internal electrical supply system capacity 

Å improved equipment reliability and reduced downtimes.  

 
E x a m p l e  p l a n t s 

Widely applied . 

 

Harmonics  

BAT is to check the power supply for harmonics and apply filters if required . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Certain electrical equipment with non -linear loads causes harmonics in the supply (the addition 

of the distortions in the sine wave). Examples of non-linear loads are rectifiers, some forms of electric 

lighting, electric arc furnaces, welding equipment, switched mode power supplies, computers, etc.  

Filters can be applied to reduce or eliminate harmonics. The EU has set limits on harmonics as a 

method of improving the power factor, and  there are standards such as EN 61000-3-2 and EN 61000-3-

12, requiring switched power supplies to have harmonics filters.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Power savings. 
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C r o s s- m e d i a  e f f e c t s 

None reported . 

 

O p e r a t i o n a l  d a t a 

Harmonics can cause: 

Å nuisance tripping of circuit breakers  

Å malfunctioning of UPS systems and generator systems 

Å metering problems  

Å computer malfunctions  

Å overvoltage problems. 

Harmonics cannot be detected by standard ammeters, only by using 'true RMS' meters. 

 

A p p l i c a b i l i t y  

All sites should check for equipment causing harmonics.  

 

E c o n o m i c s 

Losses due to equipment malfunction. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Å improved reliability of equipment  

Å reduced losses in downtimes 

Å with harmonics, reduced current in earths  

Å the safety issues of design grounding being exceeded if harmonics are present. 

 

E x a m p l e  p l a n t s 
Widely applied . 

 

High voltage and large current demands  

It is BAT to reduce electricity consumption by : 

¶ minimising  reactive energy losses for all three phase supplies by testing at annual intervals to 

ensure that cos l between the voltage and the current peaks lies permanently above 0.95, 

¶ keeping the bus bars short, with sufficient cross-sectional area, and keep cool, using water 

cooling where air cooling is insufficient , 

¶ usage of individual anode feeding by bus bar with controls to optimise current setting . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Incoming supply should be managed to match phases, minimise reactive energy losses on step 

down from high voltage and supply large current demand, etc.  

On a large site, the energy is supplied at 150 kV and is rectified to 0.033 kV for use in the galvanic 

cells. Typical rectifying operations involve the following steps:  

Å step 1: two high tension transformers drop the voltage from 150 kV to 15 kV  

Å step 2: 15 feeding cells drop the voltage for the rectifiers from 15 kV to 525 V 

Å step 3: 60 rectifiers (one per anode, four per galvanic cell) drop the voltage from 525 V to 33 V. 

Rectification is through thyristor bridges, transformers and diode bridges  
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Å step 4: supply to 15 galvanic cells. The length of the copper bus bars is short and water cooled 

to minimise the resistance losses. This is achieved through: 

- a very short distance between the rectifiers and the conductor rolls and anodes 

- the connection of the conductor rolls and anodes through one (the same) side of the 

cells 

- the individual anode feeding allows an optimal curren t setting 

Å step 5: compensation for the reactive energy. 

Any AC electrical equipment such as transformers, motors etc., absorbs a total energy called the 

apparent energy. This is made up of active energy (in the form of work or heat) and reactive energy 

whi ch is unproductive. The reactive energy increases if the current is out of phase in relation to the 

voltage, and is the difference between the voltage and the current wave peaks. 

The power factor (cos l) of an electrical device is the ratio of the active power P (kW) over the 

apparent power S (kVA) and is the cosine of the angle between the peaks of the sine curves of voltage 

and current. The closer cos l is to unity (1), the more efficient the use of power; the lower cos l value, 

the less effectively the energy is used. When cos l lies permanently above 0.95, the reactive energy 

losses at 15 kV and 150 kV levels are limited. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Minimises energy losses. 

 

A p p l i c a b i l i t y  

All installations using a three -phase supply. Power correction and reduction of reactive energy 

requires skilled review of power demands and correction.  

All installations using electrolytic processes can ensure reduction of resistance losses in power 

supplies. 

 

E c o n o m i c s 

Energy losses as unwanted heating, reactive energy, etc. increase power consumption and cause 

higher costs. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Cost saving. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

Optimising process electrical efficiency  

It is BAT to reduce electricity consumption by use modified wave forms (e.g. pulse, reverse) to 

improve metal deposits, where the technology exists. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Addition of conducting chemical compounds to the electrolyte to increase the electrical 

conductivity.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Reduces electrical power consumption. Environmental benefit is high compared with cost.  
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A p p l i c a b i l i t y  

To new and existing lines. This requires technical support, either in -house or from the supplier.  

 

E c o n o m i c s 

For coil plating, the initial inves tment is EUR 0.001 to maintenance costs of EUR 0.001 to 0.15/t 

installed.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Process efficiency and cost. 

 

E x a m p l e  p l a n t s 
Many continuous electroplating plants, s urface treatment of metals plants. 

 

Optimising supply  

BAT is to optimise the power supply efficiency . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Resistive losses occur in cabling. Equipment with a large power usage should, therefore, be 

supplied from a high voltage supply as close as possible, e .g. the corresponding transformer should 

be as close as possible. 

Cables to equipment should be oversized to prevent unnecessary resistance and losses as heat. 

The power supply can be optimised by using high efficiency equipment such as transformers. Ensure 

power cables have the correct dimensions for the power demand . 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Improve energy efficiency.  

 

C r o s s- m e d i a  e f f e c t s 

No data submitted.  

 

O p e r a t i o n a l  d a t a 

Å all large equipment using power should be planned to be adjacent to supply transformers , 

Å cabling should be checked on all sites and oversized where necessary. 

A p p l i c a b i l i t y  

Å improved reliability of equipment , 

Å reduced losses in downtimes, 

Å consider the costs on an operating lifetime basis. 

When the equipment is not in use, e.g. at shutdown or when locating or r elocating equipment . 

 

E c o n o m i c s 

Savings in equipment downtime and power consumption.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Cost. 

 

E x a m p l e  p l a n t s 
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Widely used . 

 

Transformers  

BAT is to optimise the power supply efficiency  by: 

Å keeping online transformer(s) operating at a load above 40 - 50 % of the rated power, 

Å usage high efficiency/low loss transformers , 

Å placing equipment with a high current demand as close as possible to the power source (e.g. 

transformer s). 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Less consumption of secondary energy resources. 

 

O p e r a t i o n a l  d a t a 

Normally in transformer substations there is a surplus of electrical power supply installed, and 

therefore the average load factor is generally low. Historically, utilities managers  maintain this 

surplus to ensure a continuing power supply in the case of failure of one or more of the transformers.  

 

A p p l i c a b i l i t y  

Å for existing plants: when the present load factor is below 40%, and there is more than one 

transformer , 

Å on replacement, use a low loss transformer and with a loading of 40 - 75%. 

At time of replacement, or where there is a lifetime cost benefit . 

When locating or relocating equipment  

 

E c o n o m i c s 

In the case of the installation of low loss transformers with respect to ônormal seriesõ 

transformers, or in substitution of low efficiency transformers operating at present, payback times are 

normally short, considering that transformers operate for a high number of hours/year.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Energy and money savings are the driving force for implementation.  

 

E x a m p l e  p l a n t s 
For the refurbishment of a transformer room, foreseeing the installation of four new transformers 

whose electric power is 200, 315, 500 and 1250 kVA, a payback time of 1.1 years has been estimated. 

 

2.3.7 Processes 

2.3.7.1 Anodising 

Cold sealing  

It is BAT to prevent the loss of metals and other raw materials together. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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Sealing methods at lower temperatures have been developed. So-called mid -temperature sealing 

processes are also available operating at about 60 °C. These are not based on the hydrothermal 

conversion of aluminium oxide for closing the pores, but by the use of nickel salts, such as the fluoride 

or silicate. In the past, in the European market, there was some concern about long term-properties 

such as light fastness and corrosion resistance. However, such processes have now been proven and 

accredited for outside use. 

There are also processes working at 25 - 35 °C. Advantages with cold processes are lower energy 

consumption and shorter process times. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Hot sealing may also require ventilation and have very high energy consumption. However, this 

can be reduced by covering the tanks or with proper insulation. There is lower energy consum ption 

with cold sealing.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

2.3.7.2 Degreasing 

Substitution and choices for degreasing  

Solvent degreasing can be replaced by other techniques in all cases in this sector as subsequent 

treatments are water-based and there are no incompatibility issues. There may be local reasons at an 

installation level for using solvent -based systems, such as where: 

Å a water-based system can damage the surface being treated, 

Å there a specific customer has a specific quality requirement.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Solvent degreasing is usually by means of chlorinated hydrocarbons (CHC), alcohols, terpenes, 

ketones, mineral spirits or hydrocarbons.  

CHCs are used because of their good cleaning efficiency and universal applicability, as well as 

their quick drying and incombustibility, but their use is restricted by environmental and health 

legislation. All solvents affect the central nervous system and exposure should be controlled.  

There are two types of process: 

Å cold cleaning: The workpieces and/or substrates are immersed in the solvent or cleaned in a 

stream of solvent. In some cases, the solvent is pumped round taking the liquid from near the 

top of a holding tank, leaving dirt to settle at the bottom. The tank is cle aned periodically  

Å vapour phase: The solvent is vaporised in a purpose-built bath and the cold component 

suspended in the vapour. The vapour condenses on the component dissolving grease and 

drained off with the dirt and grease, leaving the component clean a nd dry. The most common 

solvents are CHCs. As the vapours are heavier than air they are contained in the bath. 

Hydrocarbon solvent may be used. 

The choice of solvents will depend on a number of factors including the substrate to be cleaned, 

the type of oil  or grease to be removed, the previous manufacturing process and the requirements of 

the subsequent surface treatments. Chlorinated ethanes and ethylenes attack aluminium and should 

not be brought into contact with substrate, tanks, containers, valves, etc. made of aluminium. 
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Dichloroethylenes in contact with copper should be avoided under all circumstances as explosive 

acetylides may be formed. 

Chlorinated solvents have no flashpoints. Ketones and mineral spirits may be used, but are 

flammable. Higher hydr ocarbons with a narrow distillation range give the highest flashpoints 

commensurate with solvent drying from the workpieces and/or substrate.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Low heat consumption.  

 

C r o s s- m e d i a  e f f e c t s 

Because of the classification of certain CHCs as potentially carcinogenic materials, their water -

endangering potential and problems with emissions to the air and their use is strongly regulated. 

Alternative solvents are inflammable.  

 

O p e r a t i o n a l  d a t a 

Good cleaning efficiency, quick drying.  

 

A p p l i c a b i l i t y  

Almost universally applicable.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Used for high specification work, e.g. some aerospace or military applications.  

Used where water-based treatments can damage the surface being treated. 

 

E x a m p l e  p l a n t s 
Have been widely used. Surface treatment of metals plants. 

 

Weak emulsion degreasing  

BAT is to reduce the use of chemicals and energy in aqueous degreasing systems by using long-

life systems with solution regeneration and/or continuous maintenance, off -line or on-line 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

This is a variation of chemical aqueous degreasing, using a more easily maintained solution. 

Surface-active agents used in weak emulsion degreasing solutions are developed chemically so 

they do not form a stable emulsion with the removed oils and greases. The degreasing tanks are 

drained to a holding tank (usually for a group of degreasing tanks) for the removal of floating oils and 

sediments. Weak emulsion cleaning solution separates by itself, so that simple mechanical systems 

(skimmers) can be used for the removal of the oil. By the continuous removal of contamination via the 

holding tank and feedback of the cleaned degreasing solutions in the bath, a high service lifetime is 

achieved. 

Weak emulsion degreasing systems offers thereby a compromise between the two requirements 

for degreasing systems: 

Å a smaller (but still sufficiently high) oil -absorbing capacity than strongly emulsifying 

egreasing baths; 

Å they can be substantially more easily regenerated and re-used. 

The type of systems to be used can be derived from these characteristics. 
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A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Minimisation of chemical and power consumption in cleaning.  

 

C r o s s- m e d i a  e f f e c t s 

Small additional power consumption required for pumping and oil rec overy. 

 

O p e r a t i o n a l  d a t a 

The advantage of a weak emulsion system is that the solution is constantly being refreshed by 

having the oil removed.  

Weak emulsion degreasing can leave grease/oil films on the panels of barrels - especially from 

the first bath. This film can be carried through all the vats in the plant. The grease/oil films from 

cleaners with weak emulsions can block ion-exchanger resins and membranes for membrane 

processes if these are used for recirculating rinses in the plant. These effects do not exist with stable 

emulsions. 

 

A p p l i c a b i l i t y  

Numerous cases are known in practice, where the conversion to a weak emulsion degreasing 

systems has given satisfactory cleaning. 

Workpieces with strongly adhering pollution or with very viscous oils or grease  on the surface 

cannot be cleaned by weak emulsion systems. 

Strongly emulsifying systems have better degreasing capabilities, but are more difficult to 

regenerate. It is advisable to determine applicability on a case by case basis. 

 

E c o n o m i c s 

The investment in this type of plant may be high particularly if taken in conjuncti on with the 

maintenance options. A complex investment is only likely to be cost -effective if the process line and 

the amounts of oil and grease involved are large. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Improved down -stream process control. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

 

 

 

 

2.3.7.3 Electrolytic 

Optimi sation of the anode -cathode gap. Continuous coil ð large scale steel coil 

Optimise the anode-cathode gap for electrolytic processes. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 
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A mechanism of adjusting the gap as a function of the processed strip to be processed (width-

thickness-flatness). 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Optimisation of the energy consumption, reduction of the  contacts between anode and strip 

surface, increasing quality and cutting strip rejections.  

 

C r o s s- m e d i a  e f f e c t s 

None. 

 

A p p l i c a b i l i t y  

To new lines. 

 

E c o n o m i c s 

The initial investment is EUR 0.001 to 0.15/t installed with operating and maintenance costs of 

EUR 0.001 to 0.15/t. 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Process efficiency, reduced energy consumption. 

 

E x a m p l e  p l a n t s 
Many continuous electroplating plants . 

 

2.3.7.4 Electroplating 

Decorative chromium plating  

Plating systems such as for hexavalent chromium are a significant investment and include 

specific equipment such as anodes, as well as the solutions. The solution cannot simply be changed for 

different customer batches. However, to minimise the amounts of hexavalent chromium, it is possible 

to use a cold chromium technique and where there is more than one decorative hexavalent chromium 

process line in the same installation, the option exists to run one or more one lines for hexavalent 

specifications and one or more lines with trivalent chromium.  

When changing to trivalent or other solutions, it is BAT to check for complexing agents.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

A new technique using ôcold chromiumõ has been put into production in 2000 in an Italian plant. 

The temperature of the processing bath with Cr(VI) is kept at about 18ð19°C by a refrigeration 

system (instead of 25ð30°C). At this temperature, the concentration of Cr(VI) the process solution may 

be reduced by about 50%. The quality of plating is the same. 

 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Minimisation of hexavalent chromium released.  

Minimisation of evaporation of process solution evaporation.  

Less energy used in the process. 

Reduction of exposure to workers. 
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Reduction of water consumption.  

Less waste water treatment required and less sludge produced. 

 

C r o s s- m e d i a  e f f e c t s 

Additional energy required for refrigeration. It is not clear how this compares with the energy 

savings in the process. 

 

O p e r a t i o n a l  d a t a 

Less concentrated solutions require a longer time for processing. 

Better quality because of better throwing power. 

No white edges. 

 

A p p l i c a b i l i t y  

The technique may only be suitable for application in a new plant.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

Different electrode yields  

In electroplating, where the anode efficiency is higher than the cathode efficiency and the metal 

concentration is constantly increasing, it is BAT to control the metal concentration according to the 

electrochemistry by: 

Å external dissolution of the metal, with electroplating using inert ano des. Currently, the main 

application is for alkaline cyanide -free zinc plating , 

Å replacing some of the soluble anodes by membrane anodes with separate extra current circuit 

and control. Membrane anodes are breakable, and it may not be possible to use this technique 

in sub-contract plating, where the shapes and sizes of parts to be plated vary continuously 

(and may make contact with and break membranes), 

Å using of insoluble anodes where the technique is proven. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The simple concept of electrolytic metal deposition is that the concentration of the metal ions in 

the solution remains constant because the metal anode dissolves at the same rate as deposition. 

However, in reality, there are frequently different electrode efficiencies at th e anode and cathode. A 

higher anodic yield leads to an increase of the metal ion concentration. This can be found with certain 

electrolytes, such as nickel and zinc solutions. There are options for dealing with this problem, which 

may be used alone or together. Problems are discussed under Applicability, below:  

Å where solution electrochemistry allows, use insoluble anodes with external dissolution of the 

metal and controlled solution strength , 

Å replace some of the soluble anodes by membrane anodes with an extra current circuit , 

Å special insoluble anodes that allow the concentration of the solution to balanced, 

Å run workpieces or substrates requiring higher thickness coatings , 

Å ôplating outõ on steel sheet, 

Å removing anodes. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 
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Mini misation of energy usage and waste of process metal in drag-over. 

Reduction of plating over the required specification thickness.  

Reduction in environmental effects from reworking due to problems with over -plating.  

 

C r o s s- m e d i a  e f f e c t s 

Additional equipment  is required where external dissolution tanks are used, or membrane 

circuits and/or separately controlled additional circuits.  

 

O p e r a t i o n a l  d a t a 

All techniques may improve process control. Use of external make-up tanks or process additions 

requires increased process quality control and maintenance. 

 

A p p l i c a b i l i t y  

Many electrolytic processes, including zinc, can utilise insoluble electrodes and use external 

make-up tanks, or separate solution additions. An inert anode system with external make up requires 

additional investment but addresses the problem consistently over time.  

Running workpieces or substrates requiring higher thickness coatings and ôplating outõ on steel 

sheet, only works with soluble anodes. ôCurrent efficiencyõ may then become too high. The right 

balance of specifications for workpieces (i.e. combination of thicker and thinner coating thickness 

requirements) may not coincide with the need to remove excess dissolved metal, especially for jobbing 

shops. 

Removing anodes: the anodic current density must be considered. This can lead to anode 

passivation and/or increased electrolytic decomposition of process solution constituents. The reduced 

current density reduces throughput and takes more time to reduce the process solution metal 

concentration. 

Plating out does not recover anode metal. However, electrolytic selective plating using low 

current densities can be used to remove unwanted contaminating metals, for example from nickel 

baths with soluble Ni anodes.  

In practice, nickel processes cannot utilise insoluble electrodes. 

Membrane anodes are breakable, and it may not be possible to use this technique in sub-contract 

plating, where the shapes and sizes of parts to be plated vary continuously (and may make contact 

with and break membranes). Membr ane anodes are also limited by current density. 

 

E c o n o m i c s 

Investment in an inert anode system with external make -up or using membrane anodes with a 

separate circuit is usually self-financing through materials saving and improved process quality.  

Other opt ions are cheaper in the short term, but lack long-term consistency and savings, and if 

relied on regularly, may give more quality problems (and hence cost) than they resolve.  

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Process economics. 

Process uniformity over time  and reduction in reworking.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 
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Trivalent chromium chloride -based electroplating process  

For decorative uses, it is BAT to replace hexavalent chromium either by plating with trivalent 

chromium. Where increased corrosion resistance is required, this can be achieved by trivalent 

chromium solution with increased nickel layer underneath and/or organic passivation for Cr(III) 

chloride based solutions. 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Bright trivalent chromium e lectroplating electrolytes are based on chromium III compounds, 

such as sulphate or chloride, together with proprietary chemicals. The electrolyte contains only about 

20 g/l of the trivalent chromium, compared with about 200 g/l of chromic acid in the hexa valent 

chromium process. 

Currently, trivalent chromium can only be used for decorative finishes, and cannot replace 

hexavalent chromium for hard chrome plating.  

The use of trivalent chromium eliminates the carcinogenic and other hazards associated with 

hexavalent chromium in the workplace. Fume extraction and scrubbing, or fume suppressant are not 

required for hexavalent chromium. However, additives are required to prevent the formation of free 

chlorine and AOX.  

The lower electrolyte concentration has a lower viscosity than the hexavalent electrolyte. This 

results in better draining of plated parts, and subsequently less drag -out, less loss of electrolyte, less 

effluent treatment required and less chromium -containing waste being produced.  

 

A c h i e v e d  e n v i r o n m en t a l  b e n e f i t s 

The plating bath runs at a concentration of 20 g/l instead of 200 to 450g/l for hexavalent 

chromium. Reduced solution viscosity means less chromium dragged -out, and a reduction of 

chromium released: Cr(VI) is not released. Solutions can be chloride - or sulphate-based. 

In three case studies, the following were found:  

Å reduced or no hexavalent chromium compounds to store, handle or were in use  

Å in conjunction with electrolytic removal of chromium (as hydroxide), waste water treatment 

sludge reduced from 20 tonnes per year to 2 tonnes per year in one case, and there was thirty 

times less sludge in another 

Å about 30% reduced power consumption  

Å no chemicals required for metals reduction  

Å no surfactants required to prevent mist formation  

Å the plating baths can be recovered using porous pots, membrane electrolysis or ion exchange 

Å air pollution treatment requirements reduced.  

Lower health and environmental problems for Cr(III) to 0.05 mg/m 3 for Cr(VI).  

 

C r o s s- m e d i a  e f f e c t s 

Problems have been reported in waste water treatment plant caused by complexing agents used 

in Cr (III) solutions. However, these have not been confirmed on site visits or in the case studies. 

 

O p e r a t i o n a l  d a t a 

The colour of the Cr(VI) deposit is described as blue-bright, the chloride trival ent deposit 

varyingly as grey -bright, yellow -bright or dark -bright. These historic problems with colour differences 

to deposits from hexavalent chromium and variations during processing compared with hexavalent 

chromium have largely been overcome by new solutions. These colour problems, and poor solution 
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reliability and life, have long been overcome: it is crucial to use carbon filtration and ion exchange, or 

proprietary solution treatment processes, as well as minimising carry -over from previous processes. 

Trivalent chromium solutions containing chloride can theoretically produce chlorine at the anode 

and hence AOX in the solutions, which could be dragged -out. In practice this has been controlled for 

20 years by the addition of proprietary chemicals.  

Requires training of staff and increased process control, which is similar to that required for 

bright nickel, which is used for the preceding layers.  

Thicknesses can be measured by the same equipment (e.g. Couloscope, X-ray diffraction).  

Higher current efficien cy means higher loading of racks and 15% increase in throughput has been 

reported. 

Lower current density requires lighter, less expensive racks and wiring.  

Reject rate reduced from 5 - 10 % to 0.5 % due to Cr(III)õs better throwing power, higher current 

capacity and less susceptibility to ripples in supply, reducing rough deposits (i.e. burning in high 

current density areas) and reduced ôwhitewashingõ from plating interruption. 

 

A p p l i c a b i l i t y  

It cannot replace hard chromium plating.  

It cannot replace certain corrosion resistance applications, such as where the CASS requirement is 

greater than 16 h. Trivalent chromium does not passivate unplated surfaces. Lower corrosion 

resistance has been reported, which is likely to be due to areas of no or low nickel thickness. 

Where hollow or recessed components (such as tubes) are plated, care is needed to prevent 

corrosion post-plating. This includes rapid and thorough rinsing of the acid bath, and possibly 

followed by passivation in a proprietary organic solution  (validation from industry practitioners 

internationally) or a light Cr(VI) passivation (this mitigates some of the advantages of a Cr(VI) -free 

system). 

The colour is a slightly yellow hue when compared directly to parts plated by hexavalent 

chromium. Cases have been reported of this being a problem to specific customers. 

Colour and corrosion resistance has been accepted in major retail uses, such as cookers, on 

components subject to high temperatures and abrasive cleaners with strong caustic and acid 

components. 

This has successfully been used with no loss of customer confidence 

 

E c o n o m i c s 

One-off costs include disposal of old hexavalent chromium solution, replacing lead vat lining 

with PVDF and replacing lead/antimony anodes with carbon. An ion exchange system is required for 

controlling metal contamination, and the resin requires changing at approximately three year 

intervals. The base chemicals are more expensive. 

These are more than offset by: 

Å a 30 % saving in energy, 

Å a reduction in solid waste produce d and disposed, 

Å reduced effluent treatment costs (no Cr(VI) to reduce), 

Å reduced air monitoring , 

Å reduced staff medical monitoring , 

Å reduced reject rate, 

Å a significantly reduced risk of employee ill health.  

One case study reports an overall gross profit impro vement of USD 182 per shift of 670 m2 from a 

jig plating line (1995 costs). 
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Reduced risk to employee health. Reduces health and safety requirements, as well as expenditure 

on aerosol suppression, air extraction, monitoring for hexavalent chromium in the workplace 

atmosphere, as well as medical monitoring of staff. Cost-effective overall. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

B e s t  p r a c t i c e s 
SUBSTITUTION BY TRIVALENT CHROMIUM PLATING FOR HEXAVALENT CHROMIUM IN 

HARD CHROMIUM APPLICATIONS USING MODIFIED PULSE CURRENT  

Description  

The process uses a simplified trivalent chromium electroplating solution based on chromium 

sulphate. The current waveform is proprietary (patents pending) and includes pulse -reverse current. 

Chromium has been deposited at up to 250ȋm successfully and could be deposited to any thickness. 

Hardness, rate of deposition and post-finishing for thick coatings are the same as for chromium from 

hexavalent solutions. Colour for thin layer s is the same (chrome-blue) as from hexavalent chromium. 

The process retains the advantages of Cr III solutions, such as lower concentrations, higher current 

efficiency and tolerance to sulphate and chloride dragged-in from any previous nickel plating stag es. 

Lack of organic additives will reduce or eliminate solution maintenance with activated carbon.  

 

Achieved environmental benefits  

Replaces hexavalent chromium solutions, with reduced waste gas and waste water treatments. 

Solution concentrations are the same as existing Cr(III) chemistry and up to ten times lower than 

Cr(VI) solutions.  

Higher current efficiency, therefore less power consumption.  

No chloride electrolyte, so no production of chlorine.  

Requires no organic additives to suppress chlorine format ion, or such as PFOS to suppress mist 

formation or to improve throw, etc.  

A further stage of development will confirm if it can be operated as a closed loop system.  

 

Operational data: Status of development 

The process has been patented and is at pre-produc tion verification in three key projects:  

Å comparative testing (against Cr(VI) plated components) of 11ó (28cm) rotors for pumps 

handling abrasive slurries (such as in mining, oil exploration and cement handling). 

Completion in Spring 2004 

Å rollers in large-scale steel rolling mill. Completion in Summer 2004 

Å compliance with military specifications through an approved Commercial Technology for 

Maintenance Activity (CTMA) project involving the US Department of Defence and military 

maintenance depots with the National Centre for Manufacturing Sciences (Michigan, US; 

CTMA promotes new techniques which reduce health, safety and environmental risks in 

military applications). Completion in 2005.  
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Applicability  

Intended applicability is full replacement of Cr(VI ) electroplating for hard chromium treatments.  

 

Economics 

Likely future operating costs: The system is chromium sulphate based, which is currently slightly 

more expensive than existing CrIII chemistry (increased usage may reduce market price). However, 

no organic additives are used, reducing cost and maintenance. Electricity costs are likely to be half of 

present costs. Reduced effluent treatment chemicals, and possible reduction in waste produced. 

Likely future capital costs: Power supply: up to double the  cost of a traditional DC supply.  

Reduced requirements for waste gas and waste water treatment equipment. 

 

Driving force for implementation  

The development of alternatives to using hexavalent chromium electroplating solutions is driven 

by health and safety in the workplace and environmental toxicity (chromium metal plated on a 

surface has no adverse health effects). 

 

SUBSTITUTION BY CHROMIUM (III) CONVERSION COATINGS FOR CHROMIUM (VI) 

CONVERSION LAYERS 

Description  

Hexavalent chromium chemicals, such as chromic acid, are frequently used in surface finishing. 

The main applications are: 

Å decorative chromium plating  

Å hard chromium plating  

Å chromic acid anodising  

Å chromate conversion coatings. 

Hexavalent chromium has been classified as carcinogenic by inhalation, and regulations apply to 

its use in processes. It is a priority substance for the US EPA to minimise use and release, as well as 

restrictions on the use of hexavalent chromium products. Chromium trioxide is being reviewed by the 

EU and is likely to be rai sed in status from toxic to very toxic. This may trigger the lower threshold 

requirements of the Seveso II Directive where over five tonnes are used. 

In addition, only chromate films containing hexavalent chromium may release Cr(VI) during the 

handling and  the usage of the finished product. There are no contact problems with metallic 

chromium on finished workpieces from any process (hexavalent or a trivalent.  

Any zinc -plated part is usually post -treated with a suitable chromate conversion process as well 

as many substrates (such as die-castings). The colour of the finishes of existing hexavalent chromium 

conversion processes and the level of their corrosion protection is directly in relation to their thickness 

and to their hexavalent chromium content.  

Because of these environmental and health and safety concerns, European directives limit the 

amount of hexavalent chromium left in the product in the automotive, electrical and electronic 

industries. This is the driving force for innovative hexavalent chromium -free technologies. Various EU 

R&D projects are nearing conclusions on Cr(VI) management. 

 
Achieved environmental benefits  

Reduction of Cr(VI) in waste water discharges.  

 

Cross-media effects 
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Higher process temperature and energy use. May require addi tional organic (lacquer) layer. The 

complexing agents may have adverse effects in waste water treatment plant. 

 

Operational data: Status of development 

In a research project, supported by the Ministry of Science and Research, SurTech GmbH 

developed a procedure for the production of 300 nm thick chromium (III) layers on electroplated iron 

(called Chromitierung). The conversion layer is completely free of hexavalent chrome and has a 

greenish appearance. This green colour (caused by interference bands) disappears after adding an 

organic layer. The thickness of the òChromitierungó layer is reached by a high chrome concentration 

in the solution, an increased operating temperature of 60 °C and the employment of suitable complex 

ligands. By using dark pigments  into the conversion layer of the òChromitierungó it can be given a 

black colour comparable to the black Cr(VI) chromate finishing. Workpieces electroplated with nickel 

or cobalt can also be treated with chromium (III) layers.  

In salt spray tests the corrosion protection of both systems is approximately equal.  

 

Driving force for implementation  

The development of alternatives to using hexavalent chromium electroplating solutions is driven 

by health and safety in the workplace and environmental toxicity (chromium metal plated on a 

surface has no adverse health effects). 

In addition to occupational health issues associated with the use of Cr(VI), the use of Cr(VI) as a 

passivation (conversion) layer is under pressure because of its restriction in new vehicles by the ELV 

Directive and its banning in electrical and electronics applications by the RoHS directive  

 

Zinc electroplating - Acid zinc  

It is BAT to substitute zinc cyanide solutions by using acid zinc for optimum energy efficiency, 

reduced environmenta l emissions and for bright decorative finishes . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

Zinc and zinc alloy coatings are the most widely used electrolytic surface treatment, providing 

corrosion resistance and/or cheap decorative coating to a very wide variety of iron  and steel items for 

the automotive, construction and other industries.  

For example, they are used for steel sheet or wire, screws, washers, nuts, bolts, shopping trolleys, 

construction frames (chassis) and casings for domestic appliances (such as washing machines) and 

many other kinds of applications.  

Acid zinc electrolytes give bright decorative layers, and used, for example, on furniture frames, 

shopping trolleys and baskets. In conjunction with post -treatments, they provide corrosion resistance 

comparable with finishes from alkaline -type electrolytes. Metal distribution is poor to acceptable, but 

this improves with warm electrolytes.  

Electrolytes contain zinc chloride (30 ð 55 g zinc/l), potassium and/or sodium chloride (130 - 180 

g/l), boric acid (10 ð 40 g/l) and wetting agent. Only soluble anodes are used. The solutions have 

good conductivity and high cathode efficiency, typically 93 - 96 %. It has a lower energy demand than 

alkali processes. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Current efficiency of the electrolyte means lower power consumption.  
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C r o s s- m e d i a  e f f e c t s 

Increased sludge production, from dissolution of some of steel substrates and with soluble 

anodes. May require fume extraction for acid mists, but not necessary for chloride -based solutions. 

However, extraction is advisable. 

 

O p e r a t i o n a l  d a t a 

Needs to be preceded by high quality degreasing systems. Needs skilled process control and 

management. Soluble and insoluble anodes can be used instead of only soluble ones, giving better 

quality control.  

 

A p p l i c a b i l i t y  

The metal distribution is poor to acceptable, increasing with warm electrolytes.  

 

E c o n o m i c s 

Large savings in power consumption.  

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

2.3.7.5 Extracted air 

Reduction of heating losses from process solutions in the surface treatment industries  

It is BAT to reduce heating losses by: 

Å seeking opportunities for heat recovery  

Å reducing the amount of air extracted across the heated solutions  

Å optimising the process solution composition and working temperature range. Monitor 

temperature of processes and control within these optimised process ranges. 

Å insulating heated solution tanks by one or more of the following techniques:  

o using double skinned tanks  

o using pre-insulated tanks 

o applying insulati on 

Å insulating the surface of heated tanks by using floating insulation sections such as spheres or 

hexagonals. Exceptions are where: 

o workpieces on racks are small, light and may be displaced by the insulation  

o workpieces are sufficiently large to trap t he insulation sections (such as vehicle bodies) 

o the insulation sections can mask or otherwise interfere with the treatment in the tank.  

It is not BAT to use air agitation with heated process solutions where the evaporation caused 

increases the energy demand. 

There are limited options to substitute for PFOS and health and safety may be a particularly 

important factor.Where PFOS is used, it is BAT to minimise the use by minimising air emissions by 

using floating insulation sections.  

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

It is normal practice to minimise heating losses from process solutions but actual techniques used 

may depend on the options to re-use heat, the availability of renewable energy supplies and local 

climatic conditions.  
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Temperatures of heated processes can be monitored manually or automatically (according to the 

size and energy demand of the vat being heated), with automatic and/or lockable controls.  

Energy losses from the surface area of heated process solutions related to processing 

temperatures demonstrates that the highest energy loss occurs from the solution surface with air 

extraction and with liquid agitation. Air extraction above the surface of process solutions enhances 

evaporation and thus the energy loss. Techniques to reduce the volume of warm air extracted and 

reduce energy losses by evaporation. 

Where there is a temperature range for a process, the temperature can be controlled to minimise 

the energy input:  

Å operating temperature of process solutions that require heating may be reduced, 

Å processes that require cooling may be operated at higher temperatures. 

Heated process tanks can be insulated to reduce heating losses by: 

Å using double skinned tanks  

Å using pre-insulated tanks 

Å applying insulation.  

Floating spheres are widely used to insulate the solution surface without restricting the access of 

workpieces or substrates. They allow jigs, barrels, coils or individual components to pass between 

them. 

Process solutions may be heated by energy coming from process steps generating energy. Water 

from the cooling circuit of various process solutions may be used to heat lower temperature solutions, 

incoming air, etc. Alternatively, the hot cooling water is collected in a central tank and cooled through 

a suitable heat pump. The gain in energy may be used to heat process solutions with process 

temperatures up to 65 °C, or to heat up water for other purposes. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Energy saving. 

Reduction of the volume of extracted air reduces energy consumption and any required 

treatment processes, chemicals, etc. 

 

O p e r a t i o n a l  d a t a 

Seek technical support when changing operating temperatures changes to processes. 

 

A p p l i c a b i l i t y  

To all heated solutions. 

Reducing the operating temperature of solutions will depend on support from the proprietary 

process suppliers or in-house expertise in developing solutions or processes that are viable at lower or 

higher temperature ranges. It may also be a factor in choice of process solution chemistry. 

Many solutions have a narrow operating range, and cannot be operated outside of these. Other 

optimal operating factors may have to be considered, such as processing time. 

In anodising, the heat of spent seal solutions can be used to heat the water used for a new sealing 

process, using a heat exchanger or piping the incoming cold water through the hot seal solution.  

In automatic lines, floating spheres may be carried to the rinsing tanks by barrels or by 

components. The spheres may block pipes and cause malfunctions for pumps and transport tubes. 

This can be limited to some extent by the choice of size of spheres and installing simple coarse screens 

to critical pipework and equipment. The spheres can cause tidiness problems in the workplace by 

being carried outside of the tanks. The system can be used in manual lines, and in automatic plants.  

Attention needs to be paid to energy efficiency in all installations using air extraction.  
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Process control is feasible for all installations. Other options will be site -specific. 

Where the processing line is enclosed, the maintenance of the plant and solutions may become 

more complicated and time -consuming This technique is likely to be most effective with new 

installations, rather than retrofitting.  

 

E c o n o m i c s 

Applicable to all heated solutions.  

Floating spheres are cheap. 

Capital investment for sophisticated heat -exchange systems may be high. 

Case-specific, but they are Example Plant where the operational savings gave a two year 

payback, and one year payback if capital savings are included. 

 

 

D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Cost saving and process quality control. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

B e s t  p r a c t i c e s 
REDUCTION OF THE VOLUME OF EXTRACTED AIR  

Description  

The most common system uses extraction hoods located laterally to the entrance area for plating 

jigs on flight bars and plating barrels above processing vats.The efficiency of the air extraction is 

determined by the minimal air velocity (vx) necessary to capture the uprising vapour, fumes or 

aerosols at the most distant point from th e extraction hood. 

There are three options to reduce the volume of extracted air: 

 

1. Reduction of free surface area above tanks: 

Lids hinged to the tank, driven individually and automatically opening and closing when jigs 

and barrels enter and leave the processing tank are another appropriate but more expensive design. 

Usually this system is combined with a device designed to automatically increase the volume of 

extracted air when the lids are opened. A reduction in extraction rate of up to 90 % may be achieved. 

 

2. Push-pull system 

This method is designed to create an airflow over the surface of the processing bath. It works 

with an extraction hood opposite a blowing duct. The surface of the processing solution must not have 

any frame or obstacle to the airflow. Therefore its application remains quite limited.  

 

3. Enclosure of the plating line 

Recently, the complete segregation of the process plant has been achieved in some installations. 

The plating line is installed inside an enclosure, while all plant operations, the plant management 

systems, and the loading/unloading stations are located outside.  

Since a substantial amount of extracted air is still necessary to prevent corrosion of the equipment 

within the enclosure, an energy saving higher than the fi gures for other techniques cannot be 

expected. 
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Achieved environmental benefits  

Reduction of the volume of extracted air reduces energy consumption and any required 

treatment processes, chemicals, etc. 

 

Applicability  

Attention needs to be paid to energy efficiency in all installations using air extraction.Process 

control is feasible for all installations. Other options will be site -specific. 

Where the processing line is enclosed, the maintenance of the plant and solutions may become 

more complicated and time-consuming This technique is likely to be most effective with new 

installations, rather than retrofitting.  

 

Economics 

Case-specific, but sometimes the operational savings gave a two year payback, and one year 

payback if capital savings are included. 

 

Driving force for implementation  

Health and safety in the work place.  

 

Exemple Plant 

Goodrich Aerospace Landing Gear Div ision, Tullahoma, Tennessee, US 

 

 

2.3.7.6 Pickling 

Extension of the service life of pickling solutions by diffusion dialysis  

Where consumption of acid for pickling is high, it is BAT to extend the life of the acid by using 

diffusion dialysis . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

If the concentration of the metal salts in the pickling solution, formed by dissolution, becomes too 

high, no more pickling effect can be achieved even with further addition of acid. At this point, the 

pickling bath is useless and is usually discarde. Further use of the pickling solution is possible only by 

selective separation of the dissolved metal salts. 

Diffusion d ialysis separates acid from its metal contaminants via an acid concentration gradient 

between two solution compartments (contaminated acid and deionised water) that are divided by an 

anion exchange membrane. Acid is diffused across the membrane into the deionised water whereas 

metals are blocked due to their charge and the selectivity of the membrane. A key difference between 

diffusion dialysis and other membrane technologies such as electrodialysis or reverse osmosis is that 

diffusion dialysis does not emp loy an electrical potential or pressure across the membrane. Rather, the 

transport of acid is caused by the difference in acid concentration on either side of the membrane. As 

such, the energy requirements for this technology are low. 

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Extension of service life of the chemical process solution.  

Lower power consumption than techniques using pressure  

 

C r o s s- m e d i a  e f f e c t s 
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The concentration of recovered acid will normally be lower than that of the feed acid, and make-

up acid must be added to bring the concentration up to the process level. When the feed has a 

significant salt concentration, the concentration of recovered acid can exceed the concentration of the 

feed acid. 

The depleted acid waste stream (after diffusion dialysis processing) is approximately equal in 

volumetric flow to the waste acid influent. Depending on the application -specific acid removal and 

metals rejection rates, the depleted acid waste stream (retentate) typically contains 5 to 20% of the acid 

and 60 to 95% of the metals from the influent waste acid stream. This stream is usually sent to waste 

water treatment.  

 

O p e r a t i o n a l  d a t a 

To prevent mechanical blocking, pickling acids must be pre -filtered before using dialysis.  

For diffusion dialysis pr ocessing, an increase in membrane area per unit of acid flow increases the 

acid recovery rate. If the flowrate of DI water increases, the acid recycling rate increases and the 

recycled acid concentration decreases. 

Diffusion dialysis systems can be used for batch or continuous flow applications. Small systems 

are often configured as mobile units. 

Limitations in using diffusion dialysis to recover surface finishing process acids include:  

Å acids not highly dissociated (e.g., phosphoric acid) will not diffuse a cross the membrane 

Å complexed metal anions (e.g., fluorotitanium anions) can readily diffuse across the anion 

exchange membrane and are not efficiently separated from the acid. 

Cooling is typically needed if influent waste acid temperature exceeds 50 °C. 

Heating may be needed for low temperature influent waste acid. A temperature drop of 2 °C 

reduces the acid recycling rate by approximately 1.5 %. 

Solvents can cause membrane swelling. 

Strong oxidising substances (e.g., chromic acid) can cause membrane deterioration.  

 

A p p l i c a b i l i t y  

Diffusion dialysis is a purification/recycling technology that can be used to maintain or reclaim 

spent or contaminated acids where acid concentrations are greater than 3 % by weight. 

Diffusion dialysis is most typically used where contaminant metals concentrations are less than 1 

gram per litre. Surface finishing process solutions amenable to the use of diffusion dialysis include:  

Å hydrochloric acid (HCl) pickle and strip solutions  

Å sulphuric acid (H 2SO4) anodising solutions  

Å sulphuric acid pickle and strip solutions  

Å nitric acid (HNO 3) pickle and strip solutions  

Å nitric acid/hydrofluoric acid (HNO 3/HF) stainless steel pickling solutions  

Å hydrochloric acid/sulphuric acid (HCl/H 2SO4) aluminium etch solutions  

Å methane sulphonic acid (MSA) solutions.  

 

E c o n o m i c s 

Diffusion dialysis may be expensive in capital and running costs for simple applications, and 

complex to run. The most cost-effective use for it may be, for example: 

Å where there is significant use of the more expensive and/or co ncentrated acids (e.g. 

phosphoric) , 

Å in expensive etching techniques such as methyl sulphonic acid used with tin and tin/lead.  
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D r i v i n g  f o r c e  f o r  i m p l e m e n t a t i o n 

Process consistency and quality. 

Reduction in fresh acid, waste acid treatment or disposal costs. 

 

E x a m p l e  p l a n t s 
Surface treatment of metals plants. 

 

2.3.8Pumping systems 

Optimalisation of pumping systems  

BAT is to optimise pumping systems  by: 

Å minimising of  the number of valves and bends commensurate with keeping ease of operation 

and maintenance, 

Å avoiding using too many bends (especially tight bends) , 

Å ensuring the pipework diameter is not too small (correct pipework diameter) . 

 

B r i e f  t e c h n i c a l  d e s c r i p t i o n 

The pipework system determines the choice of the pump performance. Indeed, its  characteristics 

have to be combined with those of the pumps to obtain the required performance of t he pumping 

installation.  

The energy consumption directly connected to the pi ping system is the consequence of the 

friction loss on the liquid being moved, in pipes, valves, and other equipment in the system.  

This loss is proportional to the square of the flowrate. Friction loss can be minimised by means 

such as: 

Å avoiding the use of too many valves, 

Å avoiding the use of too many bends (especially tight bends) in the piping system , 

Å ensuring the pipework diameter is not too small.  

 

A c h i e v e d  e n v i r o n m e n t a l  b e n e f i t s 

Save energy  

Some studies have shown that 30 to 50% of the energy consumed by pumping systems could be 

saved through equipment or control system changes. 

 

C r o s s- m e d i a  e f f e c t s 

None reported.  

 

O p e r a t i o n a l  d a t a 

Note that throttle control is less energy wasteful than bypass control or no control. However, all 

are wasteful of energy and should be considered for replacement according to size of the pump and 

how frequently it is used.  

 

A p p l i c a b i l i t y  

All cases at design and installation (including changes). May need qualified technical advice.  

The applicability of particular meas ures, and the extent of cost savings depend upon the size and 

specific nature of the installation and system. Only an assessment of a system and the installation 






















































































































































































































































































